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PROFESSOR  HO  AG. 

William  Ricketson  Hoag,  C.  E.  was  born  in  1859  of  parents  who  had  pre- 
viously emigrated  from  the  state  of  New  York  and  settled  on  a  farm  in  Fill- 
more County,  Minnesota.  His  education  began  in  the  common  school 
of  his  neighborhood,  but  as  soon  as  he  was  old  enough  to  help  on  the  farm 
his  attendance  was  confined  to  the  winter  school.  The  habits  of  hard  work  and 
of  enduring  exposure  so  formed  were  however  not  the  least  valuable  part  of 
his  training.  At  an  early  age  a  taste  for  mathematical  studies  appeared  and 
a  fondness  for  mechanical  invention.  Of  the  latter  tendency  several  inven- 
tions in  toys  and  machines  bear  testimony. 

It  was  his  fortune  when  grown  up  to  pursue  his  high  school  course  in 
Rochester,  Minnesota,  under  good  instruction.  This  course  was  pleasantly 
interrupted  by  a  visit  to  the  Centennial  Exposition  in  1876,  and  it  was  this 
experience  which  determined  his  future  profession.  To  fit  himself  for  that 
he  proceeded  after  a  year  spent  in  teaching  a  common  school,to  the  Univer- 
sity of  Minnesota  and  was  enrolled  as  a  student  in  the  course  in  Civil  En- 
gineering in  September,  1878.  Mr.  Hoag  very  wisely  extended  the  usual 
time  for  under  graduate  study  by  accepting  employment  in  the  engineering 
service  of  the  Northern  Pacific  Railroad  then  in  course  of  construction 
For  three  years  his  time  was  about  equally  divided  between  professional 
study  and  practice.  The  year  after  his  graduation  as  B.  C.  E.  in  1884,  was 
devoted  to  professional  work  which  gave  him  unusual  opportunities  to  study 
the  best  American  practice  in  railway   maintenance  and   operation.     It  was 
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not  without  reluctance  that  no  gave  up  work  in  the  field  and  office  to  accept 
an  instructorship  in  civil  engineering  in  his  Alma  Mater,  but  his  love  for 
mathematical  pursuits  and  a  desire  to  advance  his  studies  in  applied  me- 
chanics prevailed.  These  studies  occupied  his  leisure  while  passing  through 
the  successive  stages  of  instructor  and  assistant  professor  to  that  of  profes- 
sor of  civil  engineering,and  enabled  him  to  obtain  the  degree  of  C.  E.  which 
at  his  university  is  a  master's  degree.  A  brief  course  of  special  studies  in 
Cornell  University  formed  part  of  the  preparation  for  this  degree. 

la  1887  Professor  Hoag  was  made  acting  "assistant"  of  the  United  States 
Coast  and  Geodetic  Survey,  and  placed  in  charge  of  its  operations  in  Min- 
nesota, and  he  has  since  devoted  the  long  vacations  of  each  year  to  base  line 
measurements  and  primary  triangulations  now  embracing  several  counties 
along  the  Mississippi  River. 

In  1892  Professor  Hoag  was  designated  by  the  board  of  regents  of  the 
University  of  Minnesota  having  charge  of  the  Geological  and  Natural  His- 
tory Survey  of  the  state,  as  State  Topographer  in  charge  of  the  topographi- 
cal operations  and  mapping  contemplated  by  the  authorizing  law. 

It  is  the  intention,  under  an  amicable  arrangement,  to  do  much  of  this 
work  in  connection  with  the  U.  S.  geodetic  operations  and  thus  save  the 
cost  and  trouble  of  measuring  base  lines,  erecting  stations,  and  generally  of 
duplicating  the  work  of  that  survey. 

Professor  Hoag  has  not  merely  become  an  expert  engineer  and  topog- 
rapher, but  he  has  been  deeply  interested  in  the  pedagogy  of  his  own  and 
allied  specialties.  He  has  visited  many  of  the  leiading  polytechnic  institu- 
tions to  study  their  organization  and  methods. 

Impressed  with  the  importance  of  consultation  and  co-operation  among 
persons  engaged  in  the  various  branches  of  engineering,  he  was  the  first  to 
suggest  the  movement  which  culminated  in  the  section  on  engineering  edu- 
cation of  the  congress  of  engineers  which  convened  in  Chicago  in  the  mem- 
orable summer  of  1898.  So  successful  was  the  undertaking  that  it  was 
resolved  to  make  the  organization  a  permanent  one,  and  it  continues  as  the 
Society  for  tlio  Promotion  of  Engineering  Education,  with  Professor  Hoag 
as  a  director. 

In  the  same  summer  he  was  complimented  with  an  appoint- 
ment as  a  member  of  the  board  of  judges  of  the  World's  Columbian 
Exposition,   in    the  department   of  liberal    arts.      Naturally     his    assi<>-n- 
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ments  were  germaue  to  bis  profession,  and  they  brought  him  into 
close  acquaintance  with  some  of  the  most  distinguished  men  in 
his  line.  For  some  weeks  along  with  them,  he  was  engaged  in  ex- 
amining the  most  complete  collection  of  instruments  of  precision  ever 
assembled.  The  writer  is  able  to  testify  to  the  high  value  of  the  services 
thus  rendered  and  to  the  consideration  in  which  the  professor  was  held  by 
his  colleagues.  It  was  his  privilege  to  purchase  a  large  number  of  admir- 
able instruments  for  use  in  the  University  and  in  the  surveys  under  his 
charge. 

The  attainments  of  a  long  and  eventful  course  of  studies  has  only 
whetted  the  appetite  of  the  subject  of  this  sketch  for  still  higher  attempts. 
He  still  expects  to  study  systematically,  both  in  this  country  and  abroad. 
For  that  reason  he  has  postponed  publication,  contenting  himself  with  the 
official  reports  expected  of  him. 

It  might  be  expectel  that  such  a  scholar  would  be  an  able  and  earnest 
teacher,  and  so  his  pupils  find  him,  and  delight  in  the  style  and  manner  of 
his  instruction,  a»  well  as  in  the  information  imparted.  His  devotion  to  his 
Alma  Mater  has  been  proven  by  the  fact  that  offers  of  more  lucrative  em- 
ployment elsewhere  have  not  overcome  his  loyal  attachment  to  her. 

William  W.  Folwell. 

(See  Frontispiece.) 
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THE  TRUE  FOUNDATION  OF  THE  STATE  UNIVERSITY. 

Christopheu  W.  Hall,  M.  A.,  Dean  of  the  College  of  Engineering,  Metallurgy 
and  the  Mechanic  Arts. 

To  those  who  reflect  upon  the  purpose  of  the  public  school  system  the 
conviction  of  the  close  adaptation  of  this  system  to  the  needs  of  the  Ameri- 
can youth  is  irresistible.  Leaving  for  the  moment  the  mistakes  and  short- 
comings of  the  system  on  the  one  side  and  the  si)ecial  diversions  toward 
special  purposes  on  the  other,  we  see  the  general  trend  of  the  system  to  be 
in  the  direct  line  of  preparing  the  young  men  and  young  women  of  America 
for  citizenship.  The  European  idea  of  familiarity  with  the  three  R's  is  left 
far  behind  and  the  advanced  position  has  been  taken  that  the  highest  type 
of  citizenship  demands  the  highest  type  of  preparation  for  its  duties.  In- 
deed the  western  states  have  launched  boldly  out  into  the  support  of  the 
state  university  as  a  grade  of  the  public  s3hool  system.  A  moment's  reflec- 
tion convinces  that  this  position  is  correct  and  tenable.  As  the  nation 
trains  the  officers  of  its  army  and  navy,  so  the  state  must  train  those  who 
are  to  hold  positions  of  trust  in  its  every  community.  As  a  major  general 
is  worth  more  than  a  private  so  is  the  well-trained  citizen  worth  more  than 
he  who  is  ignorant  and  indiiferent. 

If  the  university  be  recognized  as  a  grade  of  the  public  school  system, 
should  not  the  additional  fact  be  recognized  that  it  must  be  as  useful  in  its 
place  as  any  other  grade  below  it.  It  must  be  in  close  touch  with  the  sen- 
timent of  the  commonwealth.  If  that  commonwealth  be  largely  an  agri- 
cultural community  so  agriculture  must  be  fostered  to  train  the  very  best 
agriculturists  to  do  its  foremost  work.  In  the  present  day  and  generation 
competition  enters  largely  into  all  the  atfairs  of  life  and  in  America  compe- 
tion  is  already  becoming  the  most  dominant  factor  in  affairs.  How  to  meet 
this  condition  successfully  is  one  of  the  most  practical  questions  of  the  day. 
It  should  press  upon  college  and  university  faculties  as  well  as  those  who 
have  in  charge  other  and  more  material  lines  of  business.  The  young  man 
to  be  successful  in  this  intellectual  business   which   he   proposes   to  enter 
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must  have  the  best  preparation  and  the  best  capacity,  both  physical  and  in- 
tellectual, for  meeting:  all  the  exhausting;  demands  and  exigencies  to  which 
he  may  come.  American  industries  are  becominj^  vast.  A  recent  census 
bulletin  points  out  these  interesting  facts:  There  are  over  7,500  mechan- 
ical and  manufacturing  establishments  in  the  state  of  Minnesota  alone; 
over  $127,000,000  is  invested  in  capital  to  carry  on  the  business  of  these  es- 
tablishments; over  88.000  persons  are  employed  at  an  annual  wage  of 
over  ^,000,000.  The  Commissioner  of  statistics  just  says  that  the  crops  of 
Minnesota  in  1893  covered  over  7,000,000  acres  of  ground,  which  acreage 
must  require  another  88,000  laborers  to  till.  Here  then  along  the  two  lines 
indicated  lie  the  greatest  physical  activities  of  the  commonwealth.  The 
great  effort  of  modern  civilization  is  to  reduce  physical  effort  by  the  appli- 
cation of  intellectual  activities,  and  with  an  imperfect  knowledge  of  the  laws 
of  nature,  a  still  imperfect  control  over  these  laws,the  intellectual  is  brought 
to  bear  upon  the  physical  in  a  constantly  increasing  ratio. 

As  commonly  understood  the  grammar  grades  and  high  schools  prepare 
for  the  common  duties  of  life.  All  their  work  is  thoroughly  practical.  It 
develops  a  man's  intelligence  in  an  everyday  way  for  everyday  use.  Any 
workman  will  acknowledge  the  intimate  relation  between  the  education 
he  receives  and  even  the  commonest  duties  and  occupations  of  life.  The 
man  in  more  elevated  occupations  who  comes  into  more  constant  contact 
with  keen  and  pushing  men  in  his  business  relations  sees  the  necessity  of 
a  broader  view  and  more  catholic  spirit  than  is  called  for  in  casting  ma- 
chines, bringing  out  ores  or  raising  crops.  As  the  highest  positions  for  ag- 
riculture are  advancing  to  a  stage  requiring  the  keenest  intellectual  ability 
and  the  clearest  knowledge;  as  the  mechanic  arts  are  advancing  from  the 
stage  of  trained  artisans  to  that  of  broad  and  positive  engineers;  as  the  edu- 
cation of  business  and  professsional  men  is  advancing  even  beyond  the  mere 
college  and  into  the  sphere  of  graduate  studies  and  research,  so  the  prepara- 
tion commensurate  with  the  advancing  demand  upon  technical  professional 
life  must  be  advanced  into  fresh  and  even  unexplored  fields. 

In  a  country  like  ours  the  foundations  must  first  be  laid  in  the  hard  sense 
and  every  day  comfort  of  the  people  instead  of  in  the  lines  of  luxury  and 
superfluity.  It  is  requiring  a  constantly  higher  degree  of  technical  skill  to 
overcome  tRe  obstacles  of  nature  environing  mankind  and  adapting  the  lawS 
of  nature  to  his  use.      It  is  the  first  duty  of  the  Commonwealth  to  educate 
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for  these  very  industries  wliich  are  fundamental.  A  physician  is  a  necessity 
but  statistica  show  that  the  demand  for  physicians  increases  with  the  com- 
plexities of  an  advancing  civilization;  lawyers  area  necessity  yet  lawyers 
are  not  useful  until  society  is  enlightened  enough  to  quarrel  without  killing. 
The  first  Napoleon  was  at  least  balf  right  in  abolishing  all  higher  education 
save  the  technical  and  professional  schools  because  it  was  so  bad.  In  other 
words,  it  was  not  in  touch  with  the  needs  of  the  times.  But  good  roads  are 
always  an  advantage;  better  tools  and  machines  are  always  devised;  laws  of 
nature  are  discovered  and  brought  into  use;  the  many  ores  of  the  metals  are 
sought  out  by  the  most  economical  method.  These  lines  so  useful  in  all 
grades  of  human  communities  and  so  essential  to  all  progress  towards  intel- 
ligence and  a  broad  utilization  of  those  amenities  which  add  every  enjoy- 
ment to  living  should  be  cultivated  constantly.  As  the  applications  of  nat- 
ural forces  multiply  and  their  uses  become  more  and  more  refined,  the  field 
at  once  broadens  from  the  mechanic  arts  into  engineering  refinement  and 
activity. 

It  will  be  said  that  the  American  college  has  accomplished  a  noble  work. 
That  is  granted.  The  college  was  created  for  a  specific  purpose  in  the  furth- 
erance of  certain  ideas  and  dogmas  with  which  the  state  has  only  incident- 
ally to  do.  In  the  institutions  founded  by  the  state  where  "any  person  can 
find  instruction  in  any  study"  the  practical  asjiects  of  learning  stand  out 
sharp  and  clear  against  the  minds  of  the  people  and  for  the  common  weal. 
They  cannot  comj  into  competition  with  the  specific  purposes  which  the 
college  fulfills,  and  each  institution  is  strengthened  in  moral  and  intellectual 
force  by  the  success  of  the  others  in  its  own  sphere.  There  is  enthusiasm 
in  numbers;  there  is  strength  in  united  action;  there  is  momentum  in  the 
high  intelligence  of  a  commonwealth.  The  Beriaissance  of  the  country 
consists  in  laying  a  broad  and  firm  foundation  of  scientific  knowledge  and 
practice  beneath  all  the  great  activities  of  modern  life.  State  Universities 
are  a  natural  outgrowth  of  this  Renaissance.  Their  work  in  developing 
the  impulse  to  our  material  activities  is  but  begun. 


The  Bcsi^cmcrh.lng  of  Copper  Matte. 


THE  BE^SEMF.RIZING  OF  COPPER  MATTE. 
H.  C.  Ctttler,  B.  E.  M.  94. 

The  development  of  the  process  of  Bessemerizing  copper  matte  is  com- 
paratively modern.  It  vras  first  experimented  upon  by  Lemereckow,  a 
Russian,  in  18G7.  Several  ex{)eriments  were  also  made  about  this  time  by 
other  Russian  entjineers,  but  were  only  partially  successful.  These  at- 
tempts were  followed  by  those  of  two  Swedish  engineers.  In  1879  Mr. 
P.  Holloway  announced  that  he  had  made  the  process  successful,  took  out 
patents,  but  after   trying   for  some  time  finally  gave  it  up. 

The  problem  to  be  solved  was  different  from  that  in  the  treatment  of  iron 
where  only  from  9  to  10  per  cent  .of  the  weight  of  the  iron  was  to  be  oxidiz- 
ed; since  in  the  copper  matte  the'percentage  of  weight  to  be  oxidized  ranged 
from  40  to  80. 

In  the  Bessemer  process  the  iron,  sulphur  and  carbon  develop  from  7,800 
to  8,000  calories  while  the  sulphur  and  iron  in  copper  matte  only  produce 
from  1,500  to  2,200,  although  the  matte  requires  less  than  the  iron. 

It  was  finally  left  to  M.  P.  Manhes,  of  Lyons,  France  successfully  to  solve 
this  process.  He  took  out  patents  in  his  own  country  in  1883,  and  in  the 
United  States  in  1892. 

The  brief  was  as  follows: 

''A  process  for  converting  copper  matte  of  low  grade  into  white  metal,  and 
the  conversion  of  this  product  into  pig  copper."  The  fundamental  claims 
were  these:  "Charging  the  matte  in  a  molten  condition  into  a  converter, 
forcing  jets  of  air  through  the  molten  mass  and  maintaining  it  in  a  molten 
condition  and  at  the  proper  temperature  bj^  the  combustion  of  the  sulphur 
and  the  iron  in  the  matte,  continuing  the  operation  until  the  sulphur  and 
iron  have  been  separated  from  the  metallic  copper.  A  converter,for  reduc- 
ing pig  copper  from  copper  matte,  having  a  wind  belt  encircling  the  con- 
verter above  the  l)ottom,  a  series  of  tuyers  extending  through  the  lining  of 
the  converter  and  communicating  at  the  outer  ends  with  the  wind  belt. 
Removable  stoppers  located  in  the  outer  wall  of  the  wind  belt  and    in  align- 
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ment  with  each  of  said  tiiyers  whereby  a  drift  bar  may  be  inserted  success- 
fully through  said  tuyers  to  remove  obstacles."' 

An  experimental  plant  was  erected  by  pupils  of  Manches  at  Butte,  Mont. 
Here  copper  matte  containing  72  per  cent.  CU.  was  converted  in  20  minutes 
in  a  single  operation  into  black  copper — 98.9  per  cent.  CU. 

The  appliances  for  the  process  are  in  general  those  of  the  ordinary  Bes- 
semer plants,  differing  somewhat  in  details.  The  converter  is  about  the 
same  except  that  the  tuyers  are  horizontal  and  a  short  distance  above  the 
bottom  (instead  of  being  vertical  and  at  the  bottom.)  It  was  found  that  the 
blast  blowing  through  verticle  tuyers  into  the  melted  copper  would  chill  it 
causing  copper  to  be  projected  out.  It  would  also  lower  the  temperature, 
hindering  combustion.  In  the  horizontal  elevated  tuyers  the  blast  enters 
the  matte  and  melted  slag  above  the  copper. 

M.  Auerbach,  superintendent  of  the  works  at  Bogoslowski,  Russia,  places 
the  tuyers  at  an  angle  of  45  degrees,  and  so  calculates  the  quantity  of  the 
charge  that  when  the  white  metal  or  black  copper  is  formed,  the  surface 
of  the  separation  of  the  matte,  copper  and  slag  is  almost  at  the 
outlet  of  the  tuyers.  In  this  way  he  does  not  blow  through  the  slag 
nor  does  he  oxidize  the  product  rich  in  copper  which  sinks  to  the  bottom. 

The  process  now  used  at  the  Parrot  works  in  Butte  is  as  follows  for  poor 
ores. 

(1)  Melting  ores  without  any  previous  roasting  to  produce  a  matte  con- 
taining 25  to  30  per  cent  CU.  and  a  fluid  scoria. 

(2)  Fusion  of  this  matte  in  a  cupola  furnace. 

(8)  Treatment  of  the  matte  in  a  converter  and  bringing  it  up  to  72  per- 
cent CU. 

(4)  Fusion  of  this  matte  in  cupola. 

(5)  Treatment  in  the  converter  for  black  copper. 
(G)     Fining  and  refining  in  a  reverberatory  furnace. 

For  rich  ores  the  operations  with  a  sufficient  number  df  converters  re- 
(juires  only  process  1-5  and  6  as  the  mattes  can  be  run  directly  from  the 
shaft  furnaces  into  the  converters;  the  cooling  of  the  mattes  after  they  have 
been  made  is  entirely  unnecesssary. 

The  ore  is  first  melted  in  a  shaft  furnace  as  in  any  of  the  other 
processes.     Tho  liciuid  matte  is  then  run  through  a  launder   lined    with  re- 
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fractory  material  or  carried  by  means  of  large  wells  on  trucks  directly  into 
an  inverted  converter. 

The  converter  is  made  in  three  sections  of  wrought  iron  boiler  plate.  The 
upper  contracted  part  is  called  the  hood.  Inside  of  this  are  wrought  iron 
hooks  to  hold  the  lining.  The  lower  section  is  surrounded  by  the  wind  or 
blast  chest.  Through  this  |  in.  holes  are  made  into  the  converter.  The 
outer  holes  are  closed  by  means  of  removable  plugs.  Through  these  holes 
the  tuyers  are  kept  open. 

The  number  of  tuyers  for  the  best  work  is  from  18  to  20 . 

The  mouth  of  the  hood  is  about  ^  the  diameter  of  the  body.  When  the 
converter  is  in  position  the  mouth  is  in  connection  with  a  flue  which  con- 
veys off  the  gases.      The  whole  converter  swings  on  a  trunion. 

As  the  charge  is  run  into  the  converter  a  light  blast  is  turned  on  to  keep 
up  the  heat  and,when  full  charge  is  in,the  convertor  is  swung  up  into  posi- 
tion. At  Butte  a  charge  is  enough  to  produce  about  a  ton  of  metal,  while  at 
the  new  works  of  the  Boston  and  Montana  Co.  at  Ureat  I  alls,  five  tons  are 
produced  at  a  time . 

At  first  sulphurous  acid  and  other  gases  pour  out  in  a  dense  white  cloud. 
From  this  time  on  no  fuel  should  be  used  unless  at  the  end  of  the  operation 
the  temperature  should  fall  too  much  when  a  stick  of  wood  must  be  thrown 
in  to  again  raise  it.  The  burning  of  the  sulphnr  andiron  should  produce 
sufficient  heat.     The  reactions  that  now  take  place  are  as  follows: 

2  rES^30.,=2  FEOi2S02 

and  FEO^Sl02=rESI03 

This  stage  is  characterized  by  dense  white  clouds  tinged  with  rose  and 
green.  The  rose  dissapears  first  and  the  white  gradually  dimminishes  and 
green  becomes  more  constant.  Finally  the  close  of  this  stage  is  indicated 
by  both  white  and  green  changing  to  pale  blue.  When  this  color  becomes 
constant  it  shows  that  the  FEO  has  all  combined  with  the  SIO^  If  zinc 
and  lead  are  present  in  the  matte  the  white  cloud  is  very  dense,  but  only 
two  or  three  minutes  are  required  to  drive  off  any  foreign  metal. 

After  all  of  the  FEO  has  dissapeared  the  blast  is  turned  off  and  the  con- 
vertor turned  down  and  slag  run  oft'  into  slag  pots.  Then  the  convertor  is 
turned  back  and  blast  again  turned  on.  A  rose  color  gradually  replaces  the 
blue  until  finally  the  blue  dissapears.  The  rose  deepens  to  red,  then  to  red- 
dish brown  and  gradually   diminishes.     The   precise   moment   when  all  the 
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sulphur  has  disapeared  is  hard  to  tell,  and  considerable  experience  is 
required . 

At  the  proper  moment  the  converter  is  turned  and  the  copper  poured  out 
into  moulds. 

The  time  occupied  varies  greatly  with  the  grade  of  matte,  initial  temper- 
ature and  force  of  blast. 

It  usually  takes  aboHt  twenty-five  minutes  to  go  from  40  per  cent  to  73 
par  cent  matte  and  30  minutes  from  73  per  cent  matte  to  99   per   cent  black 

cu. 

The  slags  contain  from  five  to  six  per  cent  of  copper  and  are  returned  for 
fluxes  to  the  blast  furnace. 

They  are  usually  basis  sub  silicates  of  iron,  and  sometimes  highly  mag- 
netic.    An  analysis  of  some  of  the  matte  at  Butte  was  as   follows: 

C  U=77.01  Single  operation 

S=20.65  CU=70 

S=24 
FE^l.22  rE=3.9 

Insolubles--.38  AS^.8 

Analysis  of  black  CU: 

CU=98.5  to  98.8 

S=-.9  to  .8 

FE^.-.6  to  .4 

The  copper  is  absolutely  free  from  arsenic  and  antim.ony.  The  high  tem- 
perature of  the  blast  and  the  intense  oxydizing  action  carries  them  off,  as 
they  dissappear  before  they  have  time  to  act  on  the  copper. 

The  zinc,  tin  and  lead  are  separated  without  difficulty,  Some  of  the  cobalt 
is  scorified  but  some  remains  in  the  copper.  The  nickle  and  bismuth  seem 
also  to  concentrate.  The  Bessemer  process  seems  to  be  no  better  for  them 
than  other  processes,  but  the  elimination  of  the  arsenic  and  antimony  is  the 
most  important  result. 

Sometimes  with  a  low  grade  matte,  two  fillings  are  made  before  pouring 
there  by  saving  heat. 

It  has  been  found  that  it  is  not  economical  to  produce  mattes  of  72  per 
cent  in  the  shaft  furnace.  That  it  is  not  economical  to  go  in  one  operation 
from  matte  to  black  copper  unless  the  matte  contains  72   per  cent  CU.     So 
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that  the  latest  works  usin^  low  grade  ore  have  abandoned  the  idea  of  one  op- 
eration. 

The  process  is  applicable  to  any  ores  containing  sufficient  sulphur  and 
copper  to  form  a  matte.  Xwd.  the  best  results  are  obtained  from  ores  havin- 
a  regular  composition.  Then  the  number  of  operations  does  not  have  to  be 
changed  for  each  new  installment  of  ore.  The  amount  of  fuel  consumed  is 
about  90  per  cent  of  the  weight  of  matte. 

A  plant  of  three  converters  is  needed  to  keep  operations  running.  When 
one  of  the  converters  is  running,  the  second  is  cooling  and  the  third  is  being 
relined,  dryed  and  heated  up.  The  lining  of  the  converter  is  made  of 
pounded  quartz  mixed  with  enough  fire  clay  to  make  it  plastic.  This  is 
made  up  into  balls  and  stamped  into  the  bottom  of  the  converter  first,  the 
hood  having  been  removed.  Then  a  barrel  about  the  size  of  the  hole  to  be 
left  is  put  into  the  body  and  the  side  lining  stamped  around  it.  The  ho  d 
is  then  relined  and  put  on  and  the  converter  is  dried,  usually  by  building  a 
fire  in  it.  It  takes  about  twenty-four  hours  to  dry  one  and  they  siiould 
never  be  used  until  thoroughly  dry. 

As  to  the  life  of  a  lining  accounts  differ. 

Originally  they  would  only  last- about  seven  or  eight  operations,  es- 
pecially when  the  mattes  were  poor  in  coj)per. 

In  later  years  mechanical  devises  have  been  added  for  the  introduc- 
tion of  SIO2  in  the  form  of  a  tine  powder  into  the  converters.  The  FEO 
unites  more  readily  with  this  than  with  the  SIO^  in  the  lining,  thus  preserv- 
ing the  lining  longer.  In  this  way  a  lining  has  been  made  to  stand  from 
eighteen  to  twenty-four  operations.  •  At  the  same  time  too  much  SIOo  intro- 
duced tends  to  chill  the  slags  so  that  there  is  a  limit  to  the  amount  that  can 
be  used. 

After  every  twenty  to  twenty-five  operations  the  lining  becomes  too  much 
worn  to  be  used  longer.  The  converter  must  then  be  cooled.  This  is  best 
done  by  introducing  water  in  the  form  of  fine  spray  into  the  interior.  This 
becomes  vaporized  and  escapes  in  the  form  of  steam.  Finally  the 
whole  converter  is  filled  with  water.  The  water  is  then  poured 
out,  the  loose  lining  dropping  with  it.  A  man  then  enters  and  the  lining  is 
patched.  By  this  patching  it  will  often  be  made  to  last  for  several  months. 
But  when  too  badly  worn  a  new  lining  must  be  stamped  in.    It  generally  re- 
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quires  about  eight  hours  and  often  more   on   account   of   the    lining   being 
baked  so  hard  that  it  becomes  very  difficult  to  separate  the  parts. 

A.  W.  Stickney  has  suggested  a  new  converter  made  in  three  parts  which 
are  held  together  by  clamj)s  and  catch  pins.  The  parts  are  all  relined  sepa- 
rately and  graphite  or  sand  introduced  between  joints  so  that  they  separate 
easily,  even  after  long  usage.  The  bottom*  is  removable  and  the  lining  can 
be  dumped  while  hot,  thus  saving  the  time  that  would  be   necessary  to  cooL 

A  I'ecent  form  employed  by  M.  P.  Manhes  consists  of  a  horizontal  cylin- 
drical vessel  of  plate  iron  lined  internally  with  tire  clay  and  provided  on 
one  side  only  with  a  row  of  tuyers.  The  depth  of  these  below  the  surface 
of  the  molten  charge  is  regulated  by  the  partial  rotation  of  the  cylinder. 
It  is  charged  and  emptied  in  the  same   manner  as  the  Bessemer  converter. 

The  use  of  this  system  at  the  Parrott  works  in  Butte  has  been  attended 
with  great  success.  The  ores  there  are  suljjhuret  and  quartzore  with  a 
general  average  of  twelve  per  centCU.  Two  operations  in  the  converter  are 
used.  A  matte  of  twenty  per  cent  CU  is  obtained  from  the  Reverberatory 
furnace.  A  remelting  furnace  is  used  and  the  matte  run  from  this  into  the 
converter.  The  first  operation  is  to  eliminate  the  iron  and  to  obtain  a  rich 
white  metal  of  about  sixty-four  per  cent  CU.  This  operation  lasts  about 
twenty-five  or  thirty  minutes. 

In  the  second  operation  the  white  metal  is  remelted  in  the  furnace  and 
then  treated  in  the  converter.  This  operation  lasts  from  one  hour  and 
thirty  minutes  to  two  hours.  The  result  is  black  copper  ninety-five  per  cent 
CU.     About  seventeen  men  are  required  for  a  set  of  three  converters. 

The  cost  has  been  about  $13.55  per  ton  of  copper  or  about  |  cents  per 
pound. 

The  amount  of  coal  used  for  every  thing  is  about  |  less  than  the  English 
method . 

For  works  producing  100  tons  of  copper  per  month,  the  number  of  work- 
men required  for  everything  is  about  70  men.  The  entire  cost  is 
about  \  of  that  by  the  English  method.  The  total  loss  in  copper  does  not 
exceed  one  per  cent.  This  process  is  now  used  at  the  new  works  of  the  Bos- 
ton and  Montana  Company  at  Great  Falls,  Mont.  They  have  modified  the 
Parrot  Company's  process  somewhat,  in  that  they  have  done  away  with  the 
smelting  process,  running  the  matte  direct  from  the  shaft  furnaces  into  the 
converters.     In  this  way  an  immense  amount  of  fuel  is  saved. 
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The  same  method  is  used  by  M.  Auerbach  at  his  works  in  Bogoslowsk, 
Russia,  and  seems  to  pjive  entire  satisfaction,  thus  proving,  contrary  to  the 
opinion  of  A.  W.  Stickney.  that  it  can  be  done. 

Finally,  we  have  to  sum  up  all  the  advantages: 

1st.     Simple  apparatus  which  can  be  constructed  rapidly  and  cheaply. 

2nd.     The  works  occupy  but  little  space . 

3rd.     The  operations  can  be  easily  learned. 

4th.  The  work  is  not  difficult  and  can  be  carried  out  by  persons  of  ordi- 
nary intelligence. 

5th.     The  losses  are  not  large. 

6th.  The  time  gained  is  so  great  that  the  increased  output  for  the  capital 
required  makes  it  comparatively  cheaper  than  the  old  method.  Taking  it  for 
granted  that  the  ores  can  be  concentrated,  which  may  not  always  be  the 
case,  two  operations  in  the  converter  will  be  necessary.  Whether  this  can 
be  done  will  depend  first,  on  the  price  of  copper,  second,  on  the  capital 
available  for  the  erection  of  a  double  plant. 

7th.  If  the  ores  contain  the  precious  metals  the  rapidity  with  which  they 
can  be  concentrated  into  a  matte  or  black  copper  seems  to  be  a  very  great 
advantage. 
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THE  UNIVERSITY  HEATING  PLANT,  WITH  THE  RESULTS 

OF  A  RECENT  TEST. 

H.  E.  Smith,  M.  E.,  Asst.  Professor  of  Mechanical  Engineering. 

With  the  rapid  growth  of  our  University  and  the  increase  in  the  number 
of  buildings  on  the  Campus,  the  economic  and  efficient  system  of  heating 
these  buildings,  has  been  and  is,  an  important  financial  question. 

Previous  to  the  year  1889,  each  building  had  its  own  system  of  heating,  or 
drew  its  supply  from  two  horizontal  tubular  steam  boilers  located  in  the 
basement  of  University  Hall. 

With  the  addition  of  the  Chemical  and  Physical  Laboratory  building  and 
Pillsbury  Hail  and  in  view  of  the  addition  of  several  other  buildings,  then 
planned  and  since  built,  it  was  made  apparent  that  the  old  system  could  no 
longer  adequately  supply  the  new  demand.  It  was  then  decided  to  establish 
a  central  heating  plant  and  supply  each  building  from  this  source.  To  this 
end  a  substantial  biick  structure  of  ample  size  for  future  needs  was  built  in 
the  summer  of  1889  and  equipped  with  three  horizontal  return  tubular  boil- 
ers and  the  other  accessories  of  a  modern  heating  plant.  The  steam  from 
this  plant  was  conducted  to  the  several  buildings,  through  mains  laid  in 
trenches,  walled  with  masonry  and  tilled  with  mineral  wool  to  prevent  radi- 
ation of  heat. 

The  connection  to  University  Hail  was,  however,  made  through  a  larger 
trench  or  tunnel  of  sufficient  size  to  admit  of  passage  through  it  by  a  work- 
man in  case  repairs  became  necessary. 

Pipes  were  also  laid  in  these  trenches  for  the  return  of  the  water  of  con- 
densation from  the  buildings  to  the  boilers.  The  increased  demand  made 
upon  the  plant  by  the  erection  of  the  Medical  College  building  in  1892,  made 
it  necessary  to  add  two  more  boilers  to  those  already  in  place. 

The  connection  to  this  building  was  made  through  a  much  larger  and 
more  convenient  tunnel  than  that  connecting  University  Hall  with  the  plant. 
The  first  winter  proved  that  the  system  was  not  all  that  could  be  desired  as 
to  economy  and  steps  were  taken  to  ascertain  what  changes  could   be    made 
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that  would  tend  to  raise  the  eflBiciency  or  at  least  indicate  the  most  economic 
policy  of  the  future. 

With  the  increased  number- of  furnaces  another  serious  question  arose  as 
how  to  best  abate  or  at  least  modify  the  nuisance  arising  from  the  smoke 
that  passed  from  the  chimney  of  the  plant. 

This  question  was  made  more  imperative  by  the  decision  of  the  Board  of 
Regents,  adopting  a  very  light  stone  for  the  new  Library  Building  about  to 
be  erected  near  the  heating  plant.  Smoke  burning  devices  are  being  inves- 
tigated by  Mr.  J.  H.  Grill  an  instructor  and  post  graduate  in  the  Mechanical 
Engineering  Department  of  the  University,  and  from  the  results  of  several 
experiments  that  have  been  made,  the  solution  seems  possible,  though  with 
what  economy,  if  any,  is  yet  to  be  determined. 

It  was  deemed  advisable,  as  a  first  step  in  the  general  question,  to  deter- 
mine just  what  the  conditions  were,  under  which  the  boilers  were  working, 
and  the  evaporative  efficiency  of  the  boilers  and  settings. 

To  this  end  a  test  was  made  by  a  number  of  students  of  the  Engineering 
College  under  direction  of  the  Mechanical  Department,  on  the  second  of 
December,  1893.  The  plant  was  working  under  normal  conditions  as  near 
as  was  possible  to  make  them. 

The  following  data  and  results  were  obtained  from  the  trial: 

The  plant  consists  of  5,  60-inch,  15  ft.  horizontal  tubular  boilers,  each 
containing  42,  4-inch  tubes,  set  in  brick  work  and  provided  with  the  usual 
safety  valves,  gauges,  feed-pumps,  etc.  A  steam  "header"  connects  all  the 
boilers  and  acts  as  a  reservoir  from  which  the  steam  is  distributed  to  the 
buildings. 

The  gases  are  discharged  through  an  iron  drum  or  flue  connecting  all  the 
furnaces  to  the  base  of  the  brick  stack. 

Arrangements  were  made  whereby  all  water,  whether  the  returns  from 
the  buildings  or  water  from  the  city  mains,  could  be  weighed  and  its  tem- 
perature taken  before  being  delivered  to  the  boiler. 

Each  of  the  three  steam  pipes  leading  to  the  Medical  College  Building, 
University  Hall,  and  the  Chemical  Building  and  Pillsbury  Hall,  weretapped 
near  the  "header"'  and  fitted  with  sampling  tubes  for  the  attachment  of  ca- 
lorimeters for  determining  the  quality  of  the  steam.  For  this  purpose  a 
"separating  calorimeter"'  was  placed  on  each  of  the  above  first  and  last 
named  mains  and  a  "throttling  calorimeter'  on  the  University  Hall  main. 
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Eight  experiments  with  each  instrument  at  regular  intervals  through  the 
trial  showed  that  the  average  moisture  in  the  steam  was  1.3  per  cent.,  a  very 
good  showing,  but  due,  no  doubt,  to  some  extent  to  the  "header"  which 
probably  acted  somewhat  as  a  separator. 

The  temperature  of  the  flue  gases,  feed  water  and  outside  air  were  taken 
at  fifteen  minute  intervals  throughout  the  trial,  as  were  the  readings  of  the 
steam  pressure  and  draught  guages. 

Two  samples  of  the  escaping  gases  were  taken  during  the  trial,  and  an 
analysis  made  of  them. 

All  coal  was  weighed  before  being  delivered  to  the  furnace,  and  at  the 
end  of  the  trial  the  ash  and  clinker  found  in  the  ashpit  or  hauled  from  the 
fires,  weighed  up. 

At  the  beginning  of  the  trial,  the  water  was  brought  to  the  normal  level 
in  the  boilers  and  the  height  marked  on  the  water  glasses,  the  ash  pit 
cleaned,  the  condition  of  the  fires  noted  and  the  height  of  water  in  the  sup- 
ply tank  measured.  At  the  end  of  the  10-hour  run,  during  which  the  steam 
pressure  and  other  conditions  were  controlled  as  in  every  day  practice,  the 
water  level  in  the  boilers  and  the  condition  of  the  fires  were  brought  to  cor- 
respond as  near  as  possible  to  those  of  the  start. 

All  sources  of  leak  or  waste  water  and  steam  was  carefully  looked  to  at 
intervals  and  corrections  made  for  them  when  necessary. 

The  following  is  a  summary  of    the  data  and  results  of  the  trial: 

Date  of  trial December  2nd,  1893 

Duration   of  trial 10  hours. 

Grate  surface,  5  furnaces  each  4ft.  long,  4  ft.  wide 80  sq.  ft. 

Heating  surface,  total 3,850     "     " 

Ratio  of  heating  to   grate  surface 48  to  1 

Coal  used,  Youghiogheny,  bituminous. 

AVERAGE  PRESSURES. 

Steam  Pressure,  by  guage 67  lbs . 

Force  of  chimney  draught  (in  base  of  stack) 706  in.  of  water 

"     "         "  "         (far  end  of  flue) 201  "     " 

AVERAGE   TEMPERATURES. 

Outside  air 7.7    deg.  Fahr. 

Of.  Steam 312.4      " 

"  escaping  gases 564.1      "         " 
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"  feed  water 167.96    " 

FUEL. 

Total  amount  of  coal  consumed 16,000     lbs. 

Total  amount  of  ash  and  clinker 1,925.5 

Percentage  of  ash 12  per  cent. 

Percentage   of  combustible 88     "     '* 

Coal  burned  per  hour 1,600       lbs. 

Combustible  burned  per  hour 1,407.45    " 

Coal  burned  per  sq.  ft.  of  grate  surface   per   hour 20  lbs. 

Coal  burned  per  sq.  ft.  of  heating  surface  per    hour 415  lbs 

CALORIMETER  TESTS  (aYEBAGE.) 

Quality  of  the  steam I  . . 1.3  per  cent  moisture. 

WATER . 
Total   weight   of   water  pumped    into  boilers  and  apparently 

evaporated 109,009.1    lbs. 

Water  actually  evaporated,  corrected  for  quality  of  steam. .  .  .  107,592         " 

Equivalent  evaporation, /row  and  at  212  deg.  Fahr • 115,715.2      '• 

Water  evaporated  per  pound  of  coal  from  actual  pressure  and 

temperature  of  feed  water 6.72    " 

Equivalent  water  evaporated  per  pound  of  coal  from  and  at  212 

deg.  Fahr 7.23    " 

Equivalent  water  evaporated  per  pound  of  combustible  from 

and  at  212  deg.  Fahr 8.22    ' 

Efficiency  of  furnace 54.7  per  cent. 

Rated  H.  P.  of  each  boiler 60 

H.  P.  of  each  boiler  as  shown  by  test,  taking  the   Centennial 

Commissioner's  unit  as  standard 68 

Actual  over  rated  H.  P ,., 13     per  cent. 

FLUE  GASES. 

Carbonic  acid  (C  O  2  )  2  per  cent. 

Carbonic  monoxide  (CO)  0.4  per  cent. 

Oxygen  (O)  16.5  per  cent. 

Nitrogen  (N)  81.1  per  cent. 

The  analysis  of  the  flue  gases  seems  to  show  that  far  more  air  was  admitted 
either  through  the  ash  pit  or  through  leaks  in  the  setting  than  should  have  been 
for  best  economy.      The  effect  of  too  much  air  is  to  dilute  the  furnace  gases 
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and  carry  off  heat  to  the  stack  that  otherwise  might  be  absorbed  by  the 
boiler..  The  above  results,  do  not  show  as  good  economy  for  furnaces  and 
boilers  as  could  be  expected  and  pointed  out  some  needed  changes.  They 
also  demonstrate  that  the  present  capacity  of  the  plant  is  not  adequate  to 
supply  the  demand  made  upon  it,  without  undue  forcing  and  consequent  low 
economy.  It  will  be  readily  understood  what  even  a  small  percentage  in  in- 
creased economy  means,  in  a  plant  of  this  size  by  considering  the  cost  of 
fuel  per  year  for  heating  our  buildings. 

Between  the  first  day  of  October,  1892,  and  the  first  day  of  March  1893, 
4,080,000  lbs.  of  coal  were  burned  being  an  average  of  13.6  tons  per  day  at  a 
total  cost  of  over  $9,000. 

The  use  of  crude  petroleum  as  a  fuel  is  being  investigated,  with  a  view  of 
possible  adaptation,  if  all  the  conditions  warrant  such  a  change. 

It  is  planned  during  the  next  year  to  ascertain  the  proportion  of  steam 
taken  to  heat  each  of  the  buildings  and  the  condensation  of  the  mains,  be- 
sides other  interesting  points. 
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TRIGONOMETRIC    LEVELING    AND    ABNORMAL    REFRAC- 
TION. 

*W.  R.  Ho  AG.  C.  E.,  Professor  of  Civil  Engineering. 

Iq  all  topographical  surveys  the  sea  elevations  of  a  few  stations  are  deter- 
mined by  precise  levels,  this  being  the  most  accurate  method  known.  Be- 
tween these  stations  certain  important  lines  of  levels  are  run  with  the  engi- 
neer's Y  level  establishing  the  elevation  of  all  important  stations  along  the 
route. 

These  comparatively  few  stations,  whose  elevations  are  thus  well  known, 
furnish  the  hypsometric  control  of  the  whole  survey. 

In  this  earlier  and  more  accurate  part  of  the  work,  on  account  of  the  in- 
struments and  field  methods  employed,  atmospheric  refraction  plays  an  un- 
important part  in  the  work,  but  in  establishing  a  sufficiently  large  number 
of  secondary  elevations  from  these  and  of  carrying  elevations  through  a 
chain  of  triangles  from  one  primary  bench  mark  to  another,  the  trigonomet- 
rical method  is  found  to  be  quite  satisfactory  as  to  accuracy  and  offers  a 
very  ready  means  of  giving  elevation  to  a  large  number  of  the  secondary  and 
tertiary  triangulation  stations  for  the  safe  control  of  the  survey. 

The  trigonometrical  method  requires  a  knowledge  of  the  atmospheric  re- 
fraction present  at  the  instant  of  observation,  to  attain  the  best  results. 
This  can  be  inferred  somewhat  from  local  conditions  as  to  temperature  and 
barometric  pressure. 

When  these  vertical  measures  can  be  made  at  each  end  of  a  line  upon  the 
opposite  stations,  called  reciprocal  observations,  we  are  enabled  to  eliminate 
the  effect  of  refraction  wholly  if  the  two  observations  are  made  simultane- 
ousl}'.  If  not,  the  error  due  from  refraction  can  be  corrected  so  far  as  it  is 
normal  or  can  be  determined  from  attendant  conditions. 

Since  some  of  the  primary,  and  most  of  the  secondary  lines  cannot  be  ob- 
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served  reciprocally  it  becomes  important  to  know,  as  nearly  as  possible,  what 
the  coefficient  of  refraction  is  under  ordinary  atmospheric  conditions— this 
is  usually  given  as  about  .072 — expressing  the  ratio  of  the  amount  of  cur- 
vature in  the  refracted  ray  to  double  the  curvature  in  the  geodetic  line  con- 
necting the  two  stations— and  shows  that  a  ray  of  light  passing  about  paral- 
lel to  the  surface  of  the  earth  is  refracted  into  a  curve  of  a  radius  about  sev- 
en times  that  of  the  earth.  If  this  path  of  a  ray  of  light  were  the  arc  of  a 
circle  the  coefficient  would  be  independent  of  the  length  of  the  line  and  a 
constant,  except  for  the  very  small  change  due  to  the  radius  of  the  earth  for 
different  latitudes  and  azimuths.  For  distances  over  25  miles  it  appears 
from  work  in  this  state  that  for  most  localities  the  average  value  of  the  co- 
efficient of  refraction  is  about  .07  and  that  for  distances  less  than  this  it  is 
much  less  constant  and  of  much  lower  value. 

The  average  value  on  12  lines  ranging  from  5  to  12  miles  long  being  .023; 
while  13  lines  from  12  to  18  miles  long  have  an  average  coefficient  of  .046, 
and  those  above  20  miles  give  .067. 

Each  set  of  reciprocal  observations  made  to  determine  the  difference  of 
height  of  the  two  stations  furnishes  incidentally  the  means  of  computing 
the  atmospheric  refraction  present  at  the  time  these  observations  were  made, 
allowing  that  it  be  the  same  at  the  two  different  times.  From  the  close 
agreement  of  the  coefficient  under  different  atmospheric  conditions  it  is 
hoped  to  discover  from  these  reciprocal  observations  good  values  for  the 
coefficient  for  use  in  the  state  survey. 

Some  half  dozen  lines  passing  over  bodies  of  water,  such  as  our  lakes,  the 
Mississippi  river  or  Lake  Pepin,  exhibit  such  abnormal  refraction  that  its 
persistency  must  be  established  by  observations  through  a  cycle  of  ordinary 
atmospheric  changes  or  all  but  reciprocal  measures  must  be  regarded  of  but 
little  value  and  to  nothing  but  simultaneous  observations  can  be  given  the 
weight  ordinarily  due  reciprocal  measures. 

Three  of  these  lines  give  for  the  refraction  coefficient  about  .01,  two  give 
.003,  while  two  others  indicate  a  negative  refraction  of  .018  or  show  that  the 
ray  of  light  instead  of  being  concave  to  the  earth  is  really  convex. 

The  presence  of  a  body  of  water  has  long  been  regarded  as  highly  objec- 
tionable where  vertical  measures  are  to  be  made  and  in  the  case  of  conduct- 
ing a  line  of  precise  levels  across  a  river  so  unreliable  is  the  refraction  ele- 
ment that  nothing  but  simultaneous  observations  are  taken  and  these  are 
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repeated  many  times  to  eliminate  possible  erratic  values.  Since  the  phen- 
omenon of  refraction  is  due  primarily  to  the  ray  of  light  passing  through 
media  of  different  densities  arranged  in  horizontal  strata  according  to  the 
law  of  pressure  and  consequent  density,  we  readily  see  why,  in  the  case  of  a 
line  of  levels  passing  necessarily  within  a  few  feet  of  the  surface  of  a  body 
of  water  furnishing  conditions  wholly  different  as  to  heat  and  moisture  from 
the  ordinary  land  surface,  we  may  reasonably  expect  to  find  an  abnormal 
coefficient  of  refraction. 

The  lines  above  noted  pass  from  450  to  700  feet  above  the  surface  of  the 
body  of  water  whose  width  does  not  exceed  as  a  rule  one  tenth  the  lengtli  of 
the  line,  yet  the  results  show  unquestionably  that  even  upon  lines  passing 
at  these  heights  above  a  water  surface,  affecting  directly  only  a  small  part 
of  the  line,  the  pressure  of  the  latter  renders  the  use  of  the  normal  refrac- 
tion coefficient  highly  questionable,  if  not  positively  erroneous.  Sufficient 
observations  have  not  yet  been  taken  on  the  lines  exhibiting  abnormal  re- 
fraction to  warrant  offering  a  new  coefficient,  yet  it  seems  highly  probable 
from  the  observations  already  made  and  discussed,  that  it  must  be  reduced 
from  ^  to  §  of  its  ordinary  value  to  suit  the  local  conditions  present  on  these 
particular  lines  in  the  Minnesota  State  Survey. 
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EARTH  CURRENTS  AND  THE  EARTH  DYNAMO. 

James  S.  Lang,  'P5. 

With  the  advent  of  modern  electrical  transmission,  there  has  come  to  in- 
ventors and  scientists  in  general,  a  partial  realization  at  least  of  the  tre- 
mendous waste  of  energy  continually  going  on  around  us.  Those  more 
sanguine  and  less  practical  would  harness  the  tides  which  roll  against  our 
coasts  and  compel  the  moon  herself  as  she  swings  on  in  her  path,  a  corpse 
among  worlds,  to  drive  our  factories  and  light  our  streets. 

And  yet  such  visions  are  not  wholly  illusions,  but  are  capable  of  being 
developed  to  a  certain  degree,  by  careful  study  of  the  conditions,  with  prop- 
er discrimination  between  the  practical  and  the  impractical. 

One  class  of  phenomena  worthy  of  more  attention  than  it  has  received  is 
that  relating  to  earth  currents.  This  is  not  to  be  wondered  at,  as  investiga- 
tion flows  in  well  defined  streams,  and  the  attention  of  investigators  has 
been  turned  to  subjects  of  more  immediate  pecuniary  value. 

The  theory  of  their  cause  which  I  present  here,  and  which  is  a  result  of 
the  action  of  what  I  designate  as  the  Earth  Dynamo,  appears  to  be  borne 
out  by  the  facts  and  phenomena  observed. 

It  has  been  known  for  many  years  that  there  was  an  intimate  connection 
between  the  sun  spots,  the  magnetic  needle  and  earth  currents.  This  con- 
nection is  so  well  marked  and  its  action  is  so  certain,  that  it  would  indicate 
conclusively  that  magnetic  polarity  is  possessed  to  an  intense  degree  by  the 
sun.  That  the  magnetic  poles  of  the  sun  coincide  very  nearly  with  its  geo- 
graphical poles  is  shown  by  the  fact  that  in  the  absence  of  spots,  no  changes 
in  the  terrestrial  magnetic  state  occur,  which  have  a  periodicity  equal  to  the 
time  of  solar  rotation.  The  sun,  then,  we  are  forced  to  conclude,  may  be 
considered  as  a  magnet,  in  the  same  way  that  we  look  upon  the  earth  as  one, 
and  as  such  possesses  its  lines  of  force,  which  after  having  passed  from  pole 
to  pole  inside  the  sun,  envelope  and  pass  the  earth  at  a  distance  of  91,000,000 
miles  on  their  return  course.      Far  beyond  our  farthest  planet   these   lines 
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spread  out  in  gigantic  ellipses,  bringing  planet  and  asteroid  alike  into  mag- 
netic touch  with  the  seething  monitor  of  our  solar  system.  (See  Fig.  1.) 
And  our  planetary  system  is  again  and  again  permeated  with  weaker  lines 
of  force  having  their  origin  in  other  suns  than  oure,  and  our  sun  himself  as 
he  whirls  ceaselessly  onward  feels  with  his  magnetic  nerves  the  influence  of 
the  siderial  system  of  which  he  is  a  single  atom.     The  milky  way  stretching 
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across  our  sky  points  to  our  minds  the  direction  of  lines  of  force  which  have 
hurled  together  suns,  stars  and  systems.  Multiply  the  range  of  our  tele- 
scopes by  infinity  and  you  would  see  other  galactic  belts,  around,  beyond 
and  parallel  to  our  own  stretching  away  into  endless  space — indices  of  lines 
of  force — the  handiwork  of  an  infinite  creator,  the  harmony  of  whose  pro- 
ductions exceeds  our  wildest  flights  of  imagination. 

Thus  we  see  that  one  factor  of  the  magnetism  of  the  earth  is  due  to  the 
lines  of  force  passing  through  the  sun,  which  penetrate  the  earth  on  account 
of  its  superior  permeability. 

That  the  magnetic  poles  of  the  earth  are  not  stationary  is  shown  by  the 
constant  diurnal  variation  of  the  magnetic  needle.  Their  virtual  traces  on 
the  earth's  surface,  revolve  in  small  circles  around  the  traces  of  the  main 
pole,  and  the  angle  between  the  two  tangents  to  these  circles  drawn  to  a 
magnetic  needle,  gives  the  amplitude  of  diurnal  variation  of  that  needle 
under  normal  circumstances. 

In  Fig.  2  the  angle  e  between  the  tangents  W  n  an  E  n  is  the  amplitude 
of  diurnal  variation  of  the  needle  at  n.  Then  again  these  lines  of  force 
passing  through  the  earth  at  an  angle  with  the  line  of  mean  stationary  poles. 
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may  be  resolved  into  its  two  components,  one  of  which  is  parallel  to  the  di- 
rection of  mean  poles,  the  other  perpendicular  to  it — the  former  stationary, 
the  latter  revolving,  as  regards  the  earth,  once  daily,  pointing  always  in  the 
direction  of  the  sun.  Let  F  L  represent,  in  intensity  and  direction,  the 
earth's  magnetic  polarity  the  trace  of  which  revolves  in  small  circle  W  E. 
The  two  components  into  which  F  L  may  be  resolved  will  be  F  m  and  F  E. 


T/V  -a.. 

Thus  it  is  plain  that  if  a  wire  be  suitably  placed*  on  the  surface  of  the 
earth,  it  cuts  this  revolving  component  E  F  of  the  earths  magnetism  and  we 
have  earth  currents  as  a  result.  We  may  consider  the  earth  as  a  typical 
spherical  armature,  familiar  to  all,  in  the  conductors  of  which,  attimes  when 
the  equatorial  component  grows  large,  we  have  high  voltages. 

We  see  then,  that  earth  currenis  may  be  due  to  the  revolution  of  this 
earth  armature  in  a  magnetic  field  of  which  the  sun  is  the  immediate  induc- 
er. We  are  then  led  farther— why  not  wrap  our  earth  with  a  suitable  sys- 
tem of  conductors  and  wrest  from  our  mother  earth  an  amount  of  power 
equal  to  that  wasting  at  every  tide  on  every  sea. 

It  is  easy  to  determine  its  feasiblily,  for  we  know  that  the  intensity  of  the 
revolving  equatorial  component  is  equal  to  the  sine  of  half  the  angle  of  the 
diurnal  variation  of  the  compass,  times  the  intensity  of  the  earth's  magne- 
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Earth  Currents  and  Earth  Dynamo.  25 

tism.  A  difference  of  potential  of  one  volt  being  produced  in  every  conduc- 
tor which  cuts  100,000,000  lines  of  force  per  second,  if  we  surround  the 
earth  with  a  coil  of  one  hundred  wires,  it  may  be  easily  shown  that  a  differ- 
ence of  potential  of  upwards  of  sixty  thousand  volts  would  be  produced  un- 
der normal  conditions. 

For  wires  extending  both  above  aud  below  the  equator  with  turns  con- 
nected in  series,  the  following  method  of  calculation  will  apply.  Selecting 
such  a  position  on  the  earth's  surface  that  data  applicable  to  that  place  will 
be  approximately  a  mean  for  the  whole  surface,  we  may  say  that  the  actual 
intensity  of  the  earth's  magnetism  is  equal  to  the  horizontal  component 
times  the  secant  of  the  angle  of  inclination  of  the  dipping  needle. 

Taking  horizontal  component  equal  to  .20  of  a  line  per  sq.  cm.  and  inclin- 
ation equal  to  60",  we  have  for  the  intensity  of  earth's  magnetism  .40  of  a 
line  per  sq.  c.  m  . 

The  revolving  equatorial  component  of 'this  will  be  equal  to  .40  times  sine 
7' ,  when  diurnal  variation  is  14'  ,  which  equals  .0008144  of  a  line  per  sq. 
cm.  The  area  swept  over  by  a  single  wire  placed  as  designated  will  be  2x48, 
375,  360,000  sq.  ft.  or  2x44,940,709,440,000  sq.  c.  m. 

Therefore  the  voltage  induced  will  be  4494o-q9„i±aa^x^xooo8144  which 
equals  745.  This  multiplied  by  100,  the  number  of  turns  of  wire  used, 
equals  74,200  volts. 

If  the  difference  of  potential  was  60,000  volts  in  round  numbers,  and  num- 
ber 0000  wire  used,  one  eleventh  of  an  ampere  would  tiow  and  the  total  pow- 
er produced  would  be  5454  watts  or  less  than  eight  horse  power.  Although 
the  amount  would  rise  into  hundreds  of  horse  power  at  those  times  when 
earth  currents  become  abnormal,  the  enormous  cost  of  the  plant  would  for- 
bid its  practical  application. 
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A  ROTARY  PUMP. 
Geo.  B.  Coupbb,  B.  M.  E.  '93. 

The  following  is  a  description  of  a  rotary  pump,  the  patents  for  which  are 
oontrolled  by  the  Cooper-Hampton  Electric  Co.,  Minneapolis,  Minn. 

The  exterior  of  the  pump  consists  of  a  casing  of  cast  iron,  T  Fig  1,  which 
completely  surrounds  the  working  parts.  The  middle  piece  of  the  casing 
has  a  standard,  not  shown  in  the  drawing,  by  which  the  pump  is  supported. 
The  drum  A  is  keyed  to  the  shaft  S  and  contains  the  pistons  Q.  The  ar- 
rangement of  the  pistons  in  the  drum  is  shown  in  Fig.  2. 

The  piston  rods  are  connected  to  a  disc  M  by  the  universal  joints  R.  The 
disc  M  is  connected  to  the  shaft  S  by  the  universal  joint  L.  There  is  an- 
other disc  O,  shaped  like  a  basin,  in  which  is  placed  the  disc  M.  The  disc 
O  is  fastened  to  the  casing  T  by  trunnions  not  shown  in  the  drawing.  These 
trunnions  allow  it  to  be  rocked  back  and  forth  on  a  horizontal  axis  but  pre- 
vent it  from  turning  with  the  shaft  8. 

N  is  a  babbit  metal  ring  placed  between  M  and  O  to  give  a  good  bearing 
surface.  The  disc  M  is  held  into  the  disc  O  by  the  nut  P  which  is  screwed 
to  a  part  of  M  projecting  through  O.  B  is  a  brass  sleeve  screwed  into  the 
drum  A,  C  is  a  cap  screwed  into  the  sleeve  B  and  fastened  with  a  set  screw. 
It  might  be  well  to  state  here  that  the  drum  A,  although  keyed  to  the  shaft 
S  is  lose  enough  on  the  shaft  and  key  to  allow  it  to  be  moved  lengthwise  of 
the  shaft.  C  is  connected,  by  means  of  Ihe  bolt  G,  to  the  diaphram  H.  The 
space  I  behind  the  diaphram  is  open  to  the  pressure  side  of  the  pump  con- 
nections so  that  the  pressure,  under  which  the  pump  is  working,  acts  upon 
the  diaphram  and  tends  to  force  it  outward.  This  pressure  is  thus  trans- 
mitted through  the  bolt  G,  cap  C  and  sleeve  B  to  the  drum  A  and  serves  to 
hold  it  up  to  its  seat  which  is  the  end  of  the  casing.  J  and  K  are  ports  for 
the  intake  and  discharge  of  the  pump. 

Fig.  2  is  a  diagram  to  show  the  action  of  the  pump.  Here  we  have  simply 
the  drum  A;  the  pistons  and  their  rods  represented  by  the  lines  a  b,  a  'b'; 
the  disc  M  and  the  stationary  disc  O. 
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The  discs  O  and  M  are  tipped  backward  as  shown  by  the  line  a  a  Fig  3. 
If,  as  in  Fig.  2,  the  disc  M  is  rotated  upon  O,  in  the  direction  of  the  arrows 
any  point  as  (a)  will  be  carried  around  in  a  path  (a  c  a').  In  doing  this  the 
point  (a)  travels  forward  a  distance  (a'e)  Fig  8.  As  the  disc  M  continues  to 
rotate  the  point  a  will  be  carried  forward  until  it  reaches  its  fartherest  point 
which  is  on  the  axis  (x  y).  After  it  passes  this  point  it  is  carried  backward 
in  the  direction  of  the  arrow  (d).  (In  following  this  motion  one  must  bear  in 
mind  the  fact  that  the  drum  A,  containing  the  pistons,   and  the  disc  M,  to 


which  the  piston  rods  are  attached,  are  both  connected  to  the  shaft  and  S 
hence  must  move  together  in  the  plane  of  rotation.)  Thus  it  is  seen  that 
the  rotation  of  M  gives  the  pistons  a  reciprocal  motion  similar  to  the  motion 
of  an  ordinary  piston  pump. 

In  order  to  direct  the  flow  of  the  liquid  there  are  two  ports  so  placed  that 
one  is  open  to  the  pistons  while  they  are  on  their  backward  travel,  thus  al- 
lowing them  to  fill,  and  the  other  is  open  to  the  pistons  during  their  forward 
travel,  thus  allowing  them  to  discharge. 
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The  two  parts  are  separated  by  bridges  placed  at  the  points  where  the  pis- 
tons reverse  their  horizontal  motion.  In  Fig  1,  the  parts  are  not  shown  in 
their  proper  position  with  reference  to  the  tip  of  the  discs  M  and  O  but  are 
rotated  90"  in  order  to  better  show  their  connecction  with  the  drum.  As 
stated  above  the  disc  O  is  supported  on  trunnions  which  allow  it  to  be  tilted 
forward  and  backward.  If  it  is  brought  to  a  verticle  position  as  (Z)  Fig.  8, 
it  will  be  readily  seen  that  in  rotating  the  disc  M,  any  point  on  it  will  have 
only  the  one  motion,  that  of  rotation  in  a  plane  perpendicular  to  the  shaft. 
Consequently  the  pistons  which  are  attached  to  M  will  simply  rotate  about 
the  shaft  and  have  no  horizontal  motion.  With  the  disc  in  this  position 
there  is  no  discharge  through  the  ports  although  the  pump  is  in  continuous 
rotation. 

To  carry  the  action  of  the  pump  still  further  suppose  the  discs  to  be  tilted 
beyond  the  verticle  as  at  (w)  Fig.  3. 

If  the  action  in  Fig.  2  is  carried  through  again  with  the  discs  in  this  new 
position  it  will  be  found  that  any  point  moving  from  (a)  to  (a')  will  have  ex- 
actly the  opposite  horizontal  motion  given  to  it.  This  brings  about  a  com- 
plete reversal  of  the  flow  through  the  ports  and  constitutes  one  of  the  main 
features  of  the  pump. 

The  trunnions  which  hold  the  disc  O  project  through  the  casing  and  are 
controlled  by  a  worm  acting  on  a  crank  arm.  The  disc  can  thus  be  regulat- 
ed while  the  pump  is  in  motion  and  the  discharge  changed  from  its  maxi- 
mum gradually  up  through  the  point  of  its  discharge  and  finally  over  to  the 
maximum  of  reversed  action. 

As  the  pump  is  designated  to  be  run  direct  connected  to  an  electric  motor 
the  ability  to  change  the  amount  of  discharge  through  such  a  wide  range, 
without  changing  the  speed  of  rotation,  becomes  of  great  importance.  To 
give  some  idea  of  the  capacity  of  these  pumps  some  figures  are  given  below. 

A  pump  with  pistons  3  inches  and  a  stroke  of  3  in.,  making  400  revolu- 
tions per  miuute  will  discharge  about  250  gallons  per  minute.  And  working 
under  180  pounds  pressure  will  consume  about  25  mechanical  horse  power. 
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BRIDGE  VIBRATION. 

W.C.  Weeks,  B.  C.  E., '94. 

From  time  to  time  short  articles  on  the  subject  of  bridge  vibration  have 
appeared  in  current  engineering  literature,  the  majority  of  which  gave  evi- 
dence that  the  matter  was  of  considerable  importance,  and  as  yet  only  par- 
tially understood  and  appreciated.  Considering  this  a  good  field  for  inves- 
tigation, it  was  selected  as  the  subject  of  graduating  thesis  by  J.  B.  Gill- 
man  and  the  author.  Prior  to  1875,  there  seems  to  have  been  nothing  done, 
toward  recording  the  actual  motion  of  a  bridge  under  passing  trains,  and 
the  first  attempts  made  about  that  time  resulted  in  crude  diagrams  devoid  of 
information.  Bridge  deflections,  being  easy  of  measurement  have  often 
been  taken  by  means  of  a  pole  resting  on  the  ground  or  bed  beneath  mid- 
span,  and  a  pencil  attached  to  the  pole  and  a  card  to  the  bridge,  or  vice 
versa,  it  is  immaterial  which,  the  length  of  the  plotted  line  being  the  meas- 
ure of  deflection,  but  of  course  gave  no  indication  of  the  intermediate 
bridge  motion.  Deflections  have  also  been  measured  by  means  of  a  level 
and  rod — the  level  being  placed  upon  the  bank  and  the  rod  held  on  the 
bridge  span,  the  deflection  being  read  directly  by  the  leveler  during  the 
passage  of  a  train. 

It  soon  became  apparent,  however,  that  by  moving  the  card  or  pencil  in  a 
plane  parallel  to  the  bridge,  much  clearer  diagrams  could  be  obtained,  the 
lateral  motion  preventing  the  confusion  of  the  vertical  motion  of  the  bridge. 
Several  such  diagrams  were  published  by  the  Commissioner  of  Railways  of 
Ohio  in  1881  and  were  the  first  diagrams  of  bridge  vibration  ever  published. 
These  were  obtained  by  Mr.  S.  W.  Robinson,  M.  Am.  Soc.  C.  E.,  from  sta- 
tions erected  at  mid-span,  and  about  this  time  it  became  evident  that  in  or- 
der to  obtain  intelligible  diagrams  from  which  deductions  could  be  made  an 
instrument  which  would  give  a  uniform  speed  to  the  recording  paper  must 
be  employed,  and  in  the  same  railway  report  for  1881,  the  general  character 
of  such  an  instrument  was  fully  set  fourth.  Two  years  later,  a  Mr.  Biadego 
used  a  similar  instrument  on  a  three  span  continuous  girder  bridge,  notice 
of  his  experiments  being  given  in  a  foreign  journal. 
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In  the  latter  part  of  1884,  Mr.  Robinson  constructed  an  instrument  and 
obtained  vibrations  from  thirteen  different  bridges,  resnlting  in  193  dia- 
grams which,  when  taken  with  the  accompanying  exhaustive  analytical  cal- 
culations forms  the  most  complete  investigation  which  the  subject  has  ever 
received.  His  instrument  in  brief  consisted  of  two  drums,  upon  one  of 
which  was  wound  the  recording  paper,  the  second  cylinder  winding  the  pa- 
per from  the  first  at  the  time  it  received  the  markings  of  the  recording  pen- 
cils, the  speed  of  the  drums  being  controlled  by  a  centrifugal  governor. 
The  paper  was  speeded  about  fifteen  inches  per  minute — this  being  the  only 
attempt  to  record  the  passage  of  time.  Recently  a  prominent  engineering 
journal  described  an  instrument  known  as  Frankels  Deflection  Meter  for 
measuring  bridge  vibration,  which  has  the  feature  of  being  attached  to  the 
bridge  member  to  be  examined  the  static  condition  of  pencils  being  secured 
by  means  of  wires,  fastened  to  a  weight  resting  on  the  ground  orbed  Ijeneath 
mid  span.     This  feature  will  be  referred  to  later. 

The  instrument  used  by  the  author  during  the  period  of  field  observation, 
as  well  as  its  workings,  may  be  well  understood  from  the  cut.  In  brief  it 
consisted  of  two  cylinders,upon  the  smaller  of  which  was  wound  the  record- 
ing paper;  to  the  larger  of  the  cylinders  mounted  on  a  spindle  the  rotating 
force  was  applied,  this  force  being  supplied  by  the  descending  weight.  On 
the  upper  part  of  the  spindle  was  fastened  a  cog  wheel,  meshing  into  a  se- 
ries of  cogs,  terminating  in  a  rotary  governor,  the  speed  of  which  was  con- 
trolled by  the  impact  of  the  weights  free  to  respond  to  centrifugal  motion. 
By  regulating  the  point  of  impact,  the  speed  of  the  system  could  be  readily 
controlled.  At  a  distance  of  about  fourteen  inches  from  the  recording 
drum,  was  placed  thie  pivot  for  the  recording  arm  carrying  the  pencil,  this 
arm  having  at  a  distance  equal  to  three-fourths  of  its  length  an  appliance 
for  fastening  a  light  iron  rod.  This  light  rod  was  in  turn  fastened  to  the 
main  wire,  which  was  attached  to  the  bridge,  and  was  kept  taut  by  the  steel 
spring  at  a  tension  of  from  two  to  four  hundred  pounds.  Thus  it  will  be 
seen  that  the  vibrations  are  increased  one-fourth  in  amplitude,  but  the  cuts 
have  been  reduced  this  amount  and  are  therefore  actual  size.  Directly  be- 
neath the  recording  pencil  was  placed  another  pencil,  subject  to  the  influ- 
ence of  an  electro  magnet.  This  pencil  ordinarily  drew  a  continuous  line, 
but  at  certain  intervals  an  electric  circuit  was  completed  by  means  of  a  spec- 
ial clock  work  device,  and  a  break  marked  in  the   line.      Thus  the   passage 
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of  tim«  was  recorded  at  the  same  time  as  the  vibrations.  The  pencils  were 
held  against  the  paper  by  means  of  springs.  The  whole  was  mounted  upon 
a  tripod,  the  legs  of  which  were  generally  frozen  into  the  ice  to  insure 
greater  stability.     A  wind  break  was  usually  erected   to  protect  the  instru- 


ments from  tremors.  At  no  time  was  the  recording  wire  affected  by  wind, 
even  when,  at  one  time  one  hundred  and  thirty  feet  were  exposed  to  a  high 
wind.  At  first,  an  attempt  was  made  to  record  the  passage  of  wheels  over 
the  panel  point,  but  the  high  speed  of  so  many  of  the  trains  observed  made 
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this  a  matter  ot  j<reat  difficulty,  and  the  plan  was  not  carried  ont.  The 
general  working  of  the  indicator  was  very  satisfactory,  considering  the  va- 
rying conditions  under  which  it  was  used. 

No  attempt  was  made  to  obtain  a  record  of  the  lateral  vibrations  of 
the  bridges.  This,  in  most  cases,  would  have  necessitated  the  erection  of  a 
station  at  mid-span,  entirely  free  from  the  bridge,  involving  much  expense 
and  the  results  would  not  be  of  sufficient  value  to  warrant  such  a  proceed- 
ing. Lateral  vibration  does  undoubtedly  occur  from  the  wandering  of 
trucks,  crooks  in  the  rails  and  wind  action,  but  they  are  probably  not  of  the 
cumulative  type. 

Bridges  may  be  considered  as  elastic  bodies,  and  to  vibrate  in  accordance 
with  the  laws  of  such  bodies.  With  this  understanding,  bridges  have  cer- 
tain rates  of  vibration  depending  upon  the  weight,  span,  and  moment  of 
inertia  of  the  structure.  They  may  be  set  in  a  state  of  vibration  by  any  of 
the  following  conditions,  viz.:  a  sudden  blow,  a  sudden  release  of  the  bridge 
from  a  condition  of  strain,  or  by  a  succession  of  light  blows  regularly  re- 
peated at  time  intervals  corresponding  to  the  time  of  vibration  of  that  par- 
ticular bridge.  At  high  speed,  the  weight  of  a  locomotive  and  train  is  ap- 
plied to  bridges  in  a  very  brief  interval  of  time.  This  sudden  application 
of  load  is  believed  to  produce  strains  greatly  in  excess  of  those  produced  by 
the  same  load  when  not  suddenly  applied.  This  would  cause  a  bridge  deflec- 
tion in  excess  of  the  normal;  the  bridge  would  then  spring  back  a  little  past 
its  normal  position;  in  returning  the  normal  would  again  be  passed;  in  short 
the  bridge  would  be  in  a  state  of  vibration.  Now  if  this  motion  were  sup- 
Ijlemented  by  a  succession  of  light  blows  from  any  cause,  as  unbalanced 
locomotive  drivers,  eccentric  wheels,  etc.,  delivered  at  intervals  of  complete 
vibration  of  the  bridge,  a  cumulative  vibration  would  be  induced  which  un- 
der extreme  cases,  might  endanger  the  stability  of  the  structure.  That  vi- 
bration is  severe,  causing  overstraining  of  the  metal  and  excessive  wearing 
at  connections  may  be  understood  from  the  remarks  of  Mr.  Morison,  M.  Am. 
Soc.  C.  E.,  who  has  built  some  of  the  largest  steel  bridges  in  America: 
"There  are  two  sources  of  motion  in  a  bridge  under  strain,  one  perfectly 
legitimate  and  one  which  should  be  avoided  in  every  possible  way.  The 
legitimate  source  of  motion  is  the  change  of  length  of  metal  due  to  strain. 
Tbe  illegitimate  source  is  the  lost  motion — and  I  believe  more  harm  is  done 
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to  bridges  by  vibration  due  to  this  lost  motion  than  comes  from  every  other 
source. 

It  is  possible  to  design  a  structure  in  which  no  metal  under  any  ordinary 
condition  will  be  overstrained,  and  yet  without  such  overstrain  vibration 
can  exist  which  would  be  entirely  inadmissable."  Mr.  Thompson,  M.  Am. 
Soc,  C.  E.,  also  an  engineeer  of  wide  experience,  says:  "I  think  some  of  us 
could  design  a  structure  that  would  meet  current  requirements  but  that 
would  be  so  full  of  vibration  that  it  would  be  merely  a  question  of  a  decade 
or  two  as  to  its  endurance.  I  know  a  bridge  of  150  foot  span  that  has  been 
visibly  overstrained  in  one  year  and  another  of  125  foot  span  that  did  not 
withstand  it  so  long.  It  would  seem  to  me  that  if  these  structures  have 
much  of  motion,  it  does  not  make  much  difference  whether  the  iron  is  sus- 
taining 6,000  or  8,000  or  10,000  lbs.  per  square  inch,  they  will  not   endure." 

The  first  cause  of  bridge  vibration  previously  mentioned,  that  of  suddenly 
applied  load,  has  in  no  case  been  found  to  cause  cumulative  vibration,  the 
very  nature  of  the  cause  tending  to  a  lessening  amplitude.  On  all  diagrams 
which  show  cumulative  vibration  a  certain  time  interval  elapsed  before  the 
attainment  of  their  maximum  amplitude,  showing  that  the  suddenly  applied 
load  was  not  the  cause.  Bridge  camber  doubtless  tends  to  modify  vibra- 
tions from  this  source,  but  it  would  appear  that  the  usual  method  of  al- 
lowing only  one  half  of  the  working  strains  per  unit  area  for  suddenly 
applied  load  would  give  an  excess  of  metal  not  required.  The  rate  of  vibra- 
tion of  a  stringer,  floor  beam,  or  even  a  structure  like  a  bridge  is  very  rapid, 
in  the  latter  case  ranging  from  two  to  five  per  second.  \^hen  double  area 
is  allowed  for  the  effect  of  this  sudden  application  of  full  load,  the  theoret- 
ical condition  of  instantaneous  full  loading  is  assumed  which  in  the  case  of 
a  bridge  is  never  realized.  To  obtain  this,  the  load  would  have  to  be  ap- 
plied in  less  than  the  time  of  one-half  of  one  complete  vibration,  or  in  from 
one-fourth  to  one-tenth  of  a  second.  At  a  speed  of  50  miles  per  hour  which 
is  probably  as  fast  as  most  trains  run  over  bridges,  the  time  for  an  engine 
to  arrive  on  the  middle  of  a  150-foot  span  is  about  one  second,  or  four  times 
the  time  required  for  sudden  application.  On  stringers,  floor  beams 
and  in  some  cases  posts,  the  load  arrives  almost  instantly  at  its  full  intens- 
ity but  on  the  trasses  the  loading  is  comparatively  slowly  applied.  This 
may  well  be  inferred  from  study  of  diagrams.       If  sudden    application  pro- 
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duced  double  stress,  then  double  deflection  would  result  in  accordance  with 
Hooke's  law.  Diagrams  fail  to  show  any  difference  in  deflection  for  speeds 
rangint!:  from  only  a  few  feet  per  second  to  forty  and  fifty  feet.  Often  ad- 
ditional deflection  was  caused  by  vibration  at  the  higher  speed  but  the  excess 
was  due  to  cumulative  vibration  as  shown  by  the  record  made  each  side  of 
the  point  of  maximum  deflection. 

This  superadded  deflection  caused  by  vibration  would  indicate  the  in- 
creased stress  in  the  trusses  over  that  which  would  be  caused  were  the  bridge 
prevented  from  vibrating.  The  maximum  amplitude  of  vibration  observed 
on  the  whole  number  of  diagrams  taken  would  indicate  an  increase  of  about 
25  per  cent,  in  the  chord  strains.  Were  this  the  greatest  maximum  which 
would  ever  occur,  the  reduction  of  the  unit  stresses  for  the  dead  load  25  per 
cent,  would  suffice  for  the  live  load  working  stresses.  However,  it  is  possi- 
ble that  at  rare  intervals  bridges  suffer  cumulative  vibrations  greatly  in  ex- 
cess of  anything  yet  observed  and  until  this  matter  is  cleared  up,  we  are 
dealing  with  uncertainties.  Were  it  shown  by  many  observations,  that 
bridges  do  not  suffer  an  excess  of  strain  by  vibration  greater  than  25  per 
cent,  of  that  due  to  the  simple  load,  it  would  appear  that  the  only  distinc- 
tion needed  between  dead  and  live  load  stresses  is  the  reduction  of  the  unit 
strains  due  to  the  latter  by  25  per  cent,  and  thus  a  considerable  saving  of 
material. 

Vibration  due  to  the  second  cause,  the  sudden  release  from  strain,  has 
not  been  found  to  exist.  On  none  of  the  bridges  examined  has  release  from 
strain  been  found  to  induce  appreciable  vibration. 

But  the  third  cause,  that  of  repeated  impulse,  has  been  found  to  be  a  po- 
tent cause  for  cumulative  bridge  vibration.  These  impulses  may  come  from 
external  influences,  such  as  unbalanced  locomotive  drivers,  eccentric  or  flat 
car  wheels,  low  or  worn  rail  joints,  vibrating  of  cars  and  engines  on  their 
springs,  or  from  conditions  within  the  structure  itself,  such  as  equality  of 
driver  circuoiference  and  panel  length,  yielding  stringers,  and  lost  motion 
in  details.  Plainly,  then,  if  these  are  the  causes  of  vibration,  the  vibrations 
themselves  may  be  greatly  modified  and  perhaps  entirely  corrected  by  pre- 
senting the  most  unfavorable  conditions. 

As  long  as  locomotive  drivers  are  built  with  counterweights  there  will  be 
an   unbalanced  vertical  component,    tending  to  produce  vibration.     When 
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the  excess  of  non-balance  is  up,  the  weight  on  the  bridge  is  decreased,  and 
when  it  is  down,  the  weight  is  increased  and  under  proper  train  speed,  cu- 
mulative vibrations  result.  Eccentric  car-wheels  probably  do  not  cause 
excessive  cumulative  vibration,  though  in  some  cases  exceeding  that  caused 
by  the  engine  for  that  particular  bridge  and  train  speed.  Diagram  C^  and 
P2  show  vibrations  due  to  train,  the  engine  in  each  case  having  passed  en- 
tirely off  the  bridge;  both  diagrams  showing  the  vibration  to  be  of  the 
slightly  cumulative  tyjae.  The  important  effect  of  speed  is  shown  by  ref- 
erence to  diagrams  C  and  Cj .  Both  engines  were  of  the  same  weight  and 
driver  circumference,  but  the  difference  in  speed  of  7.5  feet  per  second, 
was  the  most  probable  cause  of  considerable  vibration  in  one  case  and  none 
in  the  other,  due  to  engine  load.  At  the  same  time  we  see  how  changes  in 
load  intensity  interfere  with  vibrations,  the  successive  application  of  heavy 
and  light  cars  upon  a  bridge  changing  the  rate  of  vibration  of  the  system. 
Low  or  worn  rail  joints  are  not  often  allowed  to  exist  on  a  bridge,  and  it 
is  not  probable  that  the  impulses  from  that  source  are  synchronous.  The  vi- 
brations of  cars  and  engines  on  their  springs  are  modified  by  so  many  con- 
ditions, such  as  kind  of  springs,  position,  eccentricity  and  rigidity  of  car 
loading,  that  it  is  quite  probable  they  almost  wholly  neutralize  each  other. 
The  equality  of  driver  circumference  and  panel  length  becomes  i^articu- 
larly  liable  to  induce  cumulative  vibration  when  the  excess  of  non  balance 
is  down  at  mid  panel,  the  greater  weight  being  applied  to  the  deflecting 
stringers  and  the  lesser  weight  at  time  of  passing  floor  beams.  A  recent 
diagram  obtained  by  the  author  shows  the  deflection  of  the  floor  beams  rel- 
ative to  chord  to  be  almost  double  the  ordinary  when  the  excess  of  non-bal- 
ance is  down  at  mid  panel.  If  the  panel  length  permit  of  the  passage  of 
car  trucks  over  floor  beams  at  the  same  time  and  the  yielding  of  stringers 
be  appreciable,  the  successive  regular  rise  and  fall  under  proper  train  speed 
will  cause  cumulative  vibration.  On  bridges  having  panel  length  differing 
considerably  from  driver  circumference  and  half  car  length,  no  vibration 
due  to  trains  was  observed  and  in  no  case  was  there  found  to  exist  vibra- 
tion due  to  passenger  cars,  probably  on  account  of  their  varying  length. 
Also  locomotive  vibration  was  very  light,  being  scarcely  distinguishable 
from  the  tremors  of  the  train.  Double  track  bridges  are  singularly  free 
from  vibrations;  on  the  three  examined,  the  maximum   observed   amplitude 
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did  not  exceed  one-sixteenth  of  an  inch,  in  most  cases  being  only  about 
one-thirtysecondof  an  inch.  Considerable  depth  of  truss  would  tend  to  dim- 
inish vibration  as  well  as  increase  the  stiffness  of  the  structure.  Diagrams  B 
and  Bj,  taken  from  a  double  track  bridge  of  panel  length  30  ft.  9  inches  and 
depth  42  ft.  are  selected  from  many  to  show  these  points.  It  will  be  observed 
that  the  deflection  is  small  and  the  vibrations  insignificant.  Loose  details 
by  the  freedom  given  to  members  would  in  extreme  cases  permit  of  blows 
induced  by  vibrations,  upon  the  connections  and  thus  at  once  introduce  un- 
due strains  and  excessive  wear. 

The  only  plate  girder  bridge  examined  had  no  appreciable  vibration  and 
though  of  seventy-five  feet  span  the  maximum  deflection  observed  did  not 
much  exceed  three-eighths  of  an  inch.  Further  investigation  would  prob- 
ably show  plate  girder  spans  free  from  the  evil  of  vibration.  See  diagrams 
E  and  Ej.  One  highway  bridge  was  examined  for  vibration;  the  steel  arch 
bridge  across  the  Mississippi  from  Nicollet  Island  to  the  West  Side.  To 
the  pedestrian,  the  vibrations  at  times  appear  excessive  but  when  they  are 
measured  they  prove  very  small.  The  maximum  amijlitude  observed  did  not 
exceed  one-eighth  of  an  inch  with  about  the  same  amount  of  quiescent  de- 
flection for  the  passage  of  a  street  car. 

In  the  design  of  a  bridge  the  avoidance  of  conditions  favorable  to  vibra- 
tion should  be  observed.  The  vertical  component  of  non  balance  in  locomo- 
tive drivers  should  be  as  small  as  possible.  Eccentric  car  wheels  and  low  or 
worn  joints  should  not  be  permitted  on  bridges.  Equality  of  driver  circum- 
ference and  panel  length  should  not  exist  and  no  multiple  of  panel  length 
should  equal  extreme  car  length.  Stringers  should  be  deep  to  obtain  rig- 
idity. Car  loading  should  be  eccentric  and  the  train  loading  variable 
throughout  its  length.  Speed  of  trains  has  been  found  a  very  important 
cause  of  excessive  bridge  vibration.  Diagrams  showing  considerable  cumu- 
lative vibration  have  been  taken  from  bridges  that  under  similar  conditions 
with  the  exception  of  train  speed,  have  shown  almost  no  vibration  whatever. 
Details  should  be  rigid  and  tight  fitting.  Diagrams  from  wooden  bridges 
show  them  to  be  in  a  state  of  excessive  tremor  during  the  passage  of  freight 
trains  at  considerable  speed;  to  be  only  slightly  affected  by  passenger  trains, 
and  to  be  frequently  subject  to  light  cumulative  vibration  which  sometimes 
becomes  excessive.   Some  of  these  conclusions  were  arrived  at  by  Mr. Robin- 
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son  together  with  others  of  lesser  importance,  and  the  whole  subject  of 
bridge  vibration  is  in  accord  with  simple  and  generally  well  understood  laws. 
The  future  will  probably  see  the  bridge  indicator  in  much  more  general 
use.  The  great  number  of  bridges  built  and  yet  to  build  demands  some  ef- 
ficient method  of  inspection  and  this  the  indicator  offers.  There  is  certain- 
ly a  relation  between  inherent  weakness,  deflection  and  vibration  and  furth- 
er investigation  will  doubtless  make  it  of  practical  use.  Favorable  diagrams 
could  also  well  be  made  a  condition  of  bridge  acceptance.  Every  test  of  a 
new  bridge  should  include  diagrams  of  bridge  motion  under  various  condi- 
tions. We  have  seen  how  a  bridge  could  be  designed  to  meet  general  re- 
quirements and  yet  be  so  subject  to  vibration  as  to  last  only  a  few  years.  The 
diagrams  from  such  a  bridge  would  show  at  once  its  weakness  and  cause  its 
rejection.  But  before  this  can  be  attained,  an  indicator  capable  of  being 
operated  on  the  bridge  regardless  of  the  condition  of  affairs  beneath  mid- 
span  must  be  constructed.  Kelative  stability  could  be  secured  by  means  of 
a  wire  fastened  to  a  weight  resting  on  the  ground  or  bed,  and  attached  to  the 
bridge  with  the  interposition  of  a  spring  to  eliminate  bridge  motion.  The 
indicator  itself  could  well  be  made  in  two  parts  on  separate  base  boards, 
one  to  furnish  the  necessary  rotary  motion,  the  other  to  carry  only  the  two 
cylinders  and  the  recording  pencils.  The  object  of  this  is  to  obtain  com- 
plete isolation  from  bridge  motion  for  the  part  supplying  the  rotary  motion, 
that  the  speed  regulator  may  not  be  affected,  and  to  give  extreme  lightness 
to  the  recording  part,  thus  reducing  its  inertia  and  permitting  its  response 
to  the  finer  bridge  tremors.  The  instrument  if  made  as  a  whole,  could 
be  almost  wholly  isolated  by  mounting  it  upon  the  middle  of  a  long  flexible 
board,  supported  at  the  ends,  and  the  middle  held  by  a  wire^ 
weighted  to  the  ground  below,  at  some  deflection  greater  than  that  to  which 
the  bridge  would  be  subject.  The  length  of  bridge  was  taken  hy  the 
author  as  a  base,  by  which  to  measure  the  speed  of  trains,  the  time  of  pas- 
sage being  recorded  by  a  stopwatch  and  observer.  Electricity  could  in  the 
future  be  advantageously  employed  to  this  end,  and  its  more  extended  use 
would  allow  more  time  for  observation  of  conditions  by  the  operator.  Ex- 
perience shows  that  the  indicator  should  be  made  to  do  as  much  as  possible. 
It  is  to  be  hoped  that  in  the  future,  the  taking  of  bridge  indicator  diagrams 
will  be  much  more  common  and  our  knowledge  of  the  stresses  and  strains, 
to  which  these  important  structures  are  subject  thereby  increased. 
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A  MACHINE  FOR  EXPERIMENTING  ON  FRICTION. 

Geo  .  E .  Bray,  94. 

The  following  is  a  description  of  a  machine  which  has  been  designed  for 
the  purpose  of  experimenting  on  friction,  and  by  means  of  which  the  rela- 
tive values  of  metals  to  be  used  for  b3aring8  may  be  determined. 

The  principles  of  the  machine  were  obtained  from  an  article  in  the  En- 
gineering News  of  May  18th  and  25th,  1893,  giving  a  description  of  a  sim- 
ilar one  designed  and  constructed  at  Cornell  university. 

This  machine  has  the  advantage  over  others  constructed  for  a  like  pur- 
pose in  that  the  different  materials  may  be  tested  at  the  same  time  and  un- 
der the  same  conditions,  thus  eliminating  the  error  which  is  apt  to  exist 
when  tests  are  made  upon  the  materials  separately. 

Discs  of  different  materials  such  as  steel,  wrought  iron  and  cast  iron  are 
keyed  to  a  shaft^as  represented  in  Fig,  1,  and  the  blocks  of  copper,  babbitt 
metal  and  different  alloys  used  for  lining  journal  bearings  are  pressed  against 
the  discs.  The  shaft  is  then  rotated  and  the  temperature  of  the  bearing 
surface  can  be  directly  observed  and  the  coefficient  of  friction  computed. 
(The  method  to  be  given  later). 

The  machine  is  designed  so  that  it  can  be  run  at  the  following  speeds, 
134,  400,  and  1,187  revolutions  per  minute  when  connected  by  an  open  belt 
to  the  counter  .shaft  which  is  to  make  400  revolutions  per  minute. 

The  speed  cone  pulley  on  the  counter  shaft  is  to  be  of  the  same  dimen- 
sions as  the  cone  on  the  machine;  the  same  belt  may  then  be  shifted  from 
one  set  of  pulleys  to  another. 

A  A  Fig  1  represents  the  bed  of  the  machine.  S  the  shaft  resting  on  a 
support  at  each  end,  also  supported  between  the  discs.  The  disc  D  and  the 
block  B  are  the  two  metals  to  be  experimented  with.  There  are  three 
discs  keyed  to  the  shaft  S,  11  inches  apart. 

The  pressure  between  the  block  B  and  disc  D  may  be  determined  by 
means  of  the  lever  L  L^,  having  one  end  supported  by  a  knife  edge   resting 
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on  a  pair  of  scales,  and  the  other  end  connected  to  block  B  by  means  of 
links  which  act  on  the  knife  edges.  The  pressure  between  the  block  and 
disc  may  be  increased  by  turning  the  hand  wheel  W.  By  observing  the 
pressure  on  the  scales  K  the  total  pressure  between  the  disc  and  block  can 
be  computed  by  taking  moments  about  the  point  O,  Fig  1.  Fjr  example  let 
the  pressure  on  the  scales  be  600  lbs.  and  let  X  =  pressure  betwen  the  block 
and  disc,  then  SOOxL^O  -XxO  L  or  500x21  =Xx3.5  or  X=3,000  lbs.  To 
this  weight  must  be  added  the  dead  weight  consisting  of  block,  links,  knife 
edges,  etc. 


/f/;^ 


The  upper  part  of  Fig.  1  represents  that  portion  of  the  machine  by  means 
of  which  we  are  enabled  to  determine  the  length  of  lever  arm  required  by  a 
given  w'eight,  to  overcome  the  action  of  friction  between  block  and  disc,  as 
the  shaft  is  revolved.  The  block  B  is  securely  screwed  to  the  lever  arm 
MM^  The  tendency  of  the  block  to  turn,  as  the  shaft  revolves,  is  pre- 
vented by  pins  C  and  C*  fastened  to  a  frame  not  represented.  The 
weight  W  can  be  moved  along  the  lever  arm  i)f  or  M^  until  an  equilibrium 
is  obtained. 

The  parts  of  the  machine  are  so  arranged  that  the  shaft  may  be  turned 
in  either  direction.     If  then  we  balance  the  block  with  the  weight   on  one 
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side  and  then  reverse  the  direction  of  the  shaft  and  balance  with  the 
weight  on  the  other,  we  can  by  taking  the  average  of  the  two  lever  arms 
eliminate  any  error  which  may  exist  from  the  knife  edges  not  being  exactly 
in  line  with  the  centre  of  the  shaft. 

From  the  formula  fPr=RW,  we  are  able  to  obtain  values  for  f,  for  dififer- 
ent  metals  and  at  different  speeds:  where  f =coefficient  of  friction,  P^=pres- 
sure  of  block  on  disc,  r=radius  of  disc,  W=weight,  having  lever  arm  R. 
See  Fig.  1. 

The  arms  MM^  are  prevented  from  bending  by  a  wire  fastened  to  the  ends 
and  stretched  over  a  screw  H  which  may  be  raised  or  lowered.  The  bear- 
ing is  to  be  lubricated  by  the  oil  well  I,  and  the  temperature  is  taken  by 
means  of  a  thermometer,  T,  placed  in  a  mercury  well  as  shown  at  S. 

Although  this  machine  was  designed  for  experimenting  on  friction,  it  may 
also  be  used  for  determining  the  durability  of  lubricants  or  the  most  eco- 
nomical rate  of  feed  for  a  given  lubricant  under  any  load. 

This  machine  is  exceedingly  simple  and  easily  operated,  and  is  destined 
to  be  of  great  value  in  the  experimental  labratory. 
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INSTRUMENT    EQUIPMENT    OF    THE    DEPARTMENT    OF 

CIVIL  ENGINEERING. 

The  higher  professional  work  of  the  civil  engineer  has  in  abstract 
designing  little  to  do  with  engineering  instruments  ,  as,  for  in  the  design 
of  a  bridge,  a  system  of  sewerage  or  of  water  supply,  yet  in  the 
final  execution  of  the  design  a  very  important  part  falls  to  the  locating  en- 
gineer, and  the  6nal  success  of  the  undertaking  is  measured  in  no  small  de- 
gree by  the  accuracy  with  which  the  design  is  executed,  and  can  be  done 
most  efficiently  by  the  skillful  use  of  the   modern   engineering  instrument. 

All  projects  for  railroads,  canals,  water  storage,  land  drainage,  land  sub 
division   etc.,   depend    in  a   much  larger  sense  upon   the  field  instrument 
while  the  work  of  the  topographer  and  geodesist   is  rendered  possible  only 
by  instruments  of  the  highest  precision  which  the   mechanician's   skill  can 
furnish. 

From  these  considerations  it  has  been  the  constant  aim  of  the  department 
to  furnish  instruments  with  which  the  student,  after  a  critical  study  of  their 
mechanism  and  adjustments,  executes  all  problems  and  projects  which  are 
calculated  to  illustrate  theoretical  discussions.  This'plan  at  the  same  time 
gives  the  student  a  fair  amount  of  skill  and  handicraft  in  the  use  of  the 
various  instruments. 

Only  the  best  grade  of  instruments  have  been  purchased  and  nearly  every 
American  maker  of  field  instrum  nits  is  represented.  This  is  to  acquaint 
the  student  with  the  different  types  he  is  sure  to  meet  in  professional  work 
as  well  as  to  guide  him  to  the  intelligent  selection  of  an  equipment  upon 
entering  private  practice.  To  allow  each  student  the  fullest  opportunity  to 
become  skilled  in  the  use  of  instruments  argues  as  small  squads  as  the  nat- 
ure of  the  work  will  allow;  whenever  possible,  as  in  reconnaissance  and  in 
approximate  topographical  surveys,  individual  work  is  insisted  upon.  With 
the  present  size  of  classes  in  Civil  Engineering  this  calls  for  a  large  number 
of  instruments  which  have  been  generously  supplied. 


Besides  the  instruments  shown  in  the  cut,  the  department,  through  the 
courtesy  of  the  Superintendent  of  the  Goast  and  Geodetic  Survey,  enjoys 
the  use  of  certain  instruments  adapted  to  special  work  in  triangulation  and 
magnetics,  which  are  officially  in  charge  of  Prof.  Hoag  who  is  an  Acting 
Assistant  of  the  Coast  and  Geodetic  Survey  in  charge  of  the  triangulation  of 
Minnesota. 

The  college  also  has  a  transit  house  fully  equipped  with  a  transit  circle 
with  circles  reading  seconds  and  with  registering  chronograph  and  clock  for 
advanced  work  in  astronomical  geodesy. 
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DMJSIGN  OF  A  STEEL  ARCH  BRIDGE. 
A.  O.  Cunningham,  C.  E,  '94. 

The  object  cf  the  structure  is  to  span  the  Great  Northern  R.  R.  tracks 
which  pas3  through  the  ca-npus  of  Minnesota  University.  The  bridge  is 
110  feet  from  centre  to  centre  of  end  pins  and  32  feet  wide. 

It  is  composed  of  four  steel  ribs  placed  nine  feet  four  inches  apart, 
hinged  at  the  ends  and  parabolic  in  form.  Each  rib  is  three  feet  deep,  being 
made  up  of  four  5x8^x^  inch  angles  with  coverplates,  and  a  three-eighihs 
inch  web  plate.  Ornamental  metal  plates  are  fastened  along  the  outside  of 
the  web  of  the  two  outside   girders. 

As  aesthetic  design  was  an  important  factor,  it  was  desirable  to  make  the 
rise  of  the  ribs  small.  While  it  was  necessary  for  the  arch  to  be  of  such  a 
height  as  to  admit  the  passage  of  trains  under  any  part  of  it,  the  topog- 
raphy of  the  ground  required  the  structure  to  be  placed  at  as  low  a  position 
as  possible,  otherwise  high  embankments  for  approaches  would  be  neces- 
sary, thus  spoiling  the  aesthetic  effect.  For  these  reasons  the  rise  was  made 
only  ten  feet. 

The  roadway  rests  upon  the  crown  of  the  arch,  being  supported  along 
the  ribs  by  posts  eleven  feet  ai)art.  As  the  structure  will  be  used  by  ped- 
estrians chiefly,  the  sidewalks  were  made  eight  feet  wide,  thus  leaving  a 
carriage  way  of  sixteen  feet. 

The  floor  beams  are  eighteen  inches  deep,  and  made  continuous  over  four 
supports  nine  feet  four  inches  apart,  their  ends  overhanging  two  [feet.  The 
posts,  which  support  these  beams,  are  made  of  angles,  the  outside  ones  being 
covered  up  by  ornamental  imitation  posts.  The  joists  are  nine  inch)  twenty- 
seven  pound  I  beams  placed  thirty-seven  inches  apart  and  connected  to  the 
web  of  the  floor  beam. 

The  flooring  is  composed  of  two  layers  of  3x12  inch  pine  plank  upon 
which  are  placed  codar  blocks.  The  side  walks  are  of  plank,  being  slightly 
raised  above  the  roadway, 
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The  lower  part  of  the  abutments  is  of  limestone  faced  with  grey  sand- 
stone, the  thrust  and  weight  of  the  steel  ribs  being  borne  by  the  skew- 
backs — granite  blocks  set  normal  to  the  thrust  of  the  arches  and  backed  by 
granite  and  concrete.  The  upper  part  of  the  abutments  is  made  of  common 
brick  faced  with  grey  colored  pressed  granite  brick,  the  cornice  and  all 
trimmings  being  made  of  grey  sandstone.  The  abu.meiits  have  rectan- 
gular projections  on  each  side  on  which  to  place  ornamental  lamps.  All 
iron  work  is  painted  black,  so  that  the  soot,  which  will  naturally  accumulate 
from  the  smoke  of  passing  trains,  will  not  discolor  it,  while  at  the  same 
time  this  color  will  make  a  decided  contrast  with  the  grey  abutments. 

The  stresses  in  Ihe  arch  ribs  were  found  both  analytically  and  graph 
ically,  the  results  of  the  two  methods  checking  very  closely .  On  account 
of  lack  of  space,  however,  only  the  former  method  will  be  presented,  even 
this  being  necessarily  abbreviated. 

The  methods  pursued  in  proving  the  following  formulae  are  in  most  cases 
similar  to  those  employed  by  Professor  Greene  in  his  work  on  "Trusses  and 
Arches." 

In  Fig.  1.  let  AGO  represent  the  steel  rib,  loaded  at  a  point  directly 
under  B.  In  Fig.  a,  supposing  H,  the  horizontal  thrust  of  the  rib,  to  be 
known,  and  cR  and  Rb  the  vertical  reactions  at  the  points  C  and  A  respect- 
ively, then  abc  will  represent  the  force  polygon,  and  ABC  the  funicular 
polygon.  Calling  the  vertical  reaction  at  A^^Pj,  and  that  at  C=P.^,  and  sup- 
posing an  imaginary  section  to  be  cut  in  the  rib  at  any  point  G,  then  since 
S  M=0,  G  being  the  centre  of  moments, 
(Eq.  1)  M=P2.  E  C-S  Wl-H.  E  G. 

S  Wl  meaning  the  summation  of  the  loads  into  their  respective  lever  arms. 
Again,  taking  moments  about  the  point  F  in  the  funicular  polygon,  we  have 
(Eq.  2.)  P,.  E  C  -S  AVl-H.  E  F^O, 

.-.  H.  EF-=P,.EC— S  WJ. 
Substituting  this  value  in  equation  (1),  it  becomes, 

M-=H.  E  F— H.  E  G--H.  F  G; 
which  means  that  the  bending  moment  at  any  section  of  an  arch  rib,  due  to 
any  system  of  vertical  loading,  equals  the  product  of   the  vertical  ordinate 
from  that  point  to  the  proper  funicular  polygon  multiplied  by  the   horizon- 
tal force  of  the  force  polygon. 
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Referring  again  to  Fig.  1,  and  taking  any  point  on  the  rib  (r,  the  bending 
moment  in  this  section  causes  an  elongation  of  the  fibres  on  one  side  of  the 
neutral  axis  and  a  compression  on  the  other,  producing  an  exceedingly 
small  angle  which  is  designated  a,  and  shown  more  clearly  in  Fig.  b.  Since 
a  varies  as  the  bending  moment  H.  f  G  it  must  equal  (H.  F  G)  k  in  which 
k  is  some  constant.  Now  in  Fig.  1,  if  the  point  C  were  not  fixed,  the  bend- 
ing moment  at  G  would  cause  it  to  take  some  other  position  such  as  U 
(greatly  exaggerated  in  the  figure).  The  position  taken  would  depend  not 
only  upon  a,  but  also  upon  the  distance  G  from  0.  Since  a  is  very  small, 
U  C=G  C.  a  .-.  U  C=G  C  (H.  F  G)  k,  and  J  C=U  C  f^  Substituting  the 
value  of  U  C  in  this  last  equation,  it  becomes  J  C  =  (H.  F  G)  k.  E  G.  and 
taking  all  points  in  the  rib  into  consideration,  the  whole  horizontal  displace- 
ment S  J  C  =H.  k.  S  F  G.  E  G.  But  since  C  is  fixed,  no  displacement 
can  take  place  .".  S  J  C  =^  O.     Now  neither  H  nor  k  can  equal  O 

..  SFG.  EG  =  0 
which  means  that  the  summations  of  the  products  F  G.  E  G,  for  every  point 
where  the  funicular  polygon  lies  on  one  side  of  the  rib,  must  equal  the 
summation  of  the  products  for  every  point  where  the  funicular  polygon  lies 
on  the  other  side.  There  can  therefore  be  but  one  polygon  which  will  satis- 
fy this  condition.  In  order  to  obtain  this  proper  polygon  it  will  be  neces- 
sary to  derive  the  value  of  H,  the  horizontal  reaction,  but  before  a  value  of 
H  can  be  derived,  a  value  for  the  maximum  ordinate  to  the  funicular  polygon 
must  be  obtained.  To  get  this  value  let  the  maximum  ordinate  (Fig.  1)  B  E 
=Y(,,  let  the  half  span  =^  m,  the  height  or  rise  =  h,  the  distance  from  the 
middle  of  the  span  to  the  position  where  the  load  is  placed  ^^  n,  and  x  = 
distance  from  left  abutment  to  any  ordinate  E  G .  Then  A  E  ^=  m-fn  and 
E  C  =  m-n. 

Now  since  the  ordinates  to  a  parabola  from  the  line  A  C  are   proportional 
to  the  products  of  the  segments  into  which  they  divide  the  span,  then 
E  G  =  ^(2  h  x-x^ ),  also  E  F  -^  £-^x 

The  required  condition  is  that  »  F  G.  E  G  =  O,  or  I(E  G-E  F)  E  G  =  0 
(Eql)  .-.   S  EG^  =EG.  EF. 

Now  substituting  the  values  of  E  G  and  E  F  in  equation  1,  we  get  for 

S  E  G-  the  value  [  "        (2  m  x— x-)-  dx,  this  reduced  =  \l  h^  m,and  for 
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S    E    G.  E  F  between  the  limits  A  and  E  we  get  the  value 

m+n 

-^^x.  -^,(2  m  x-x-^)  dx,  this  reduced  --  ^  [\m  (m-^n)'^  — 1  (mH-n)^]. 
0  m+n      ni'^  ^  ^^^   i^^      ^     i    y       t  ^ 

For  the  portijn  between  E  and  C  if  we  write  m-n  for  m-f  n  and  reckon  x 

from    C    to  the   left,  EF  will  equal  -^^-^x  while  E.  G  will  be  unchanged,  so 

m-n 

that  the  integration  of  the  right  hand  member*  of  equation  1,  between  the 
limits  x=o  and  x=(m-n)  will  give  the  same  result  as  between  the  limits  A 
and  E,  if  -n  be  placed  instead  of  -{-n,   that  is,  xEG.EF   between    the  limits 

A  and  E=--^[|m(m-n)'^4(m-n)«] 
m.^ 

These  two   values  of  the    right   hand  member  of  equation  1,  being  added 
give    the  value  -^^(Im'^-Jran'^). 


m 
Equating  this  value  with  the  value  found   for  2  E  G^,  we  get 

^«      5      5m2-n2     5  (5-f'M 
if  n  ^fm,  where  f^=a  fraction  of  the  half  span. 

To  obtain  the  value  of  H,  we  have  by  taking  moments  about  C  (Fig.  1), 
and  then  about  A, 

^  2m  2m 

P^  and  P.^  being  the  reactions  at  A  and  C  respectively  caused  by  a  load  W. 
Also  by  similar  triangles  in  Fig.  1,  and  Fig.  a 

H_m> 
Pi"  Yo     ' 
whence,  substituting  the  values  of  Pj  and  y(,  in  the  last  equation,  it  becomes 

h  I     2    •   5(5-f2 )    ( 
The  values  y^,  Pi,  P2.  and  H  being  expressed  in  terms   of  known   quanti- 
ties, wo   can   now,  by   first   finding  the  values  of  z  (the  ordinate  to  the  par- 
abola from  the  line  AC)  obtain  the  stresses  in  any  part  of  the  arch  ribs  due 
to  any  system   of  vertical  loading. 

Besides,  however,  the  stresses  caused  by  the  dead  weight  and  the  ordinary 
live  load,  there  are  stresses  exerted  on  the  arch  ribs  by  temperature, 
wind  and  change  of  length  from  thrust. 

To  obtain  a  formula  for  thrust  from  temperature,  it  must  be  remembered 
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that  the  amount  of  flexure  varies  inversely  as  the  modulus  of  elasticity  and 
the  moment  of  inertia,  and  directly  as  the  bending  moment.  So  if  we  put 
E  for  the  modulus  of  elasticity,  I  for  moment  of  inertia  at  the  crown  of  the 

arch  and  Ht  for  temperature  thrust,  we  must  write  ^-^ to  obtain  a 

quantity  equal  to  the  change  of  inclination.  But  we  wish  to  introduce  a 
quantity  to  represent  the  change  of  span  that  would  take  place  on  account 
of  temperature  were  it  not  checked.  This  quantity  must  be  added  to  or  sub- 
tracted from  the  above  fraction  accordintj  as  the  temperature  is  above  or  be- 
low  that  at  which  the  arch  was  designed.  If  t  =  no.  of  degrees,  e=coef 
of  elasticity  of  material,  then  this  quantity  will  be  -}-  2  tern.  As  there  can 
be  no  bending  moment  at  either  abutment,  the  line  of  thrust  must  be  in  the 
line  joining  the  two  hinges,  and  the  bending  moment  at  any  point  will 
equal  Ht  times  the  ordinate  to  the  rib.  The  expression  S  F  G.  E  G 
then    becomes  S  E  G^,   and    now  writing  the  whole   expression    we   have 

Ht  S  E  G2       ,,  ,                  „,       , .   t.  e.  I.  E     .         T.  no  ■      1     .  •        ,. 
pTj x  ^  tem  =o  .".  Jit  =  ^. r— since  E  G-  in  deriving  the 

value  of  y^  was  shown  to  be  equal  to  [S  h^m.  Having  now  all  the  neces- 
sary equations  we  shall  commence  on  the  design  of  the  bridge. 

Looking  at  the  structure  it  is  seen  that  the  rib  is  divided  into  ten  equal 
parts,  and  therefore  the  load  on  the  rib  between  centre  to  centre  of  pins  is 
applied  at  nine  points.  These  points  are  placed  11  ft.  apart.  Calling  the 
first  point  to  the  right  of  the  pin  1,  and  the  others  in  numerical  order,  the 
centre  point,  the  one  at  the  crown  of  tbe  arch  will  be  5. 

To  get  coefficients  for  any  parabolic  arch  for  the  values  of  y^  and  H  we 
have  already  found. 

Points  along  rib  1  2  3  4  5 

^  ,^  ^,,  =  IM19    1.3793    1.3223     1.2903     1.280. 
5(5-/0 

Multiply  these  factors  by  h  and  we  get  value  of  y^. 
(1-/M  .         32 


t2        -5(5-/0 


0.1226    0.2320    0.3176    0.3720    0.3906 


Multiply  these  factors  by  -r—  W  and  we  get  value  of  H.  To  compute 
bending  moments,  let  y  =  ordinates  from  A  C  to  the  inclined  line  of  the 
funicular  polygon,  and  let  z  =  ordinates  to  the  parabola,  then 

M=-H(Y  — Z). 
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A  table  of  bending  moments  can  now  be  made  to  get  values  of  (y-z)  at  dif- 
ferent points  along  the  arch. 

The  ordinates  z  are  proportional  to   the   product   of   the   segments   into 

which  they  divide  the  span,  or  z  =  (l-r/)  ^^  i^—f)  ^ — T  •"•  ^  =(1~/^)^- 
It  will  be  remembered  that  the  value  of  (1— /'O  has  previously  been  found. 
Since  the  span  is  divided  into  ten  parts  and  suppose  a  weight  placed  at 
point  6,  then  y^  at  this  point  has  been  found  to  equal  1.2903h  and  y  will 
be  successively  on  one  side  /,,  ;|,  §,  etc.  of  yo,  and  on  the  other  y=i,  |  and 
I  of  y,).  Putting  this  down  in  the  following  manner,  we  can  get  coefficiepts 
which  may  be  used  for  any  parabolic  arch . 

Values  for  coefficient  of  M  (load  placed  at  point  6  or  point  4.) 
Points  on  Arch  12         84  5  6789 

f  f 

' -r  =      .2151   .4.302   .6453   .8604   1.0755   1.2151    .9678   .6452    ..3226  -_^ 

4yo 

Z   =   .36     .64     .84     .96     1.0000    .96     .84      64     .36  h 


y— ^Yo 


y-z 


::=  -.1449   -.20!J8 


-.1947 


-."■996 


+  .2551 


+  .1278   + .0052   -.0374 


Multiply  these  factors  by  H=0.372. 

M         =-.054        -.078        -.073         -.037       +.038         +.133         +.047       +.003        -.014  mW 

This  computation  has  been  carried  out  for  a  load  at  each  joint  successively, 
and  is  tabulated  below.  Since  the  moments  are  the  same  at  similar  points 
on  each  side  of  the  centre  of  the  arch,  the  table  need  only  be  carried  out  as 
far  as  the  fifth  point. 

M=cmW.     Values  of  c. 


Load  placed  on  pts 

L 

2 

3 

4 

5 

6 

7 

8 

9 

H 

Mom  at  1 

"      "  2 

"     "  ;} 

"      "  4 

"       "  5 

+  .13G 

+  .082 
+  .037 
+  .002 

-.02:j 

+  .070 

+  .171 
+  .085 
+  .017 
-.032 

+  .025 

+  .076 
+ .  153 
+  .055 
-.018 

-.014 

+  .002 
+  .047 
+  .123 
+  .028 

-.041 

-.050 
-.028 
+  .025 
+  .109 

-.054 

-.078 
-.073 
-.037 
+  .028 

-.054 

-.083 
-.087 
-.065 
-.018 

-.044 

-.068 
-.075 
-.063 
-.032 

-.024 

-.039 
-.043 

-.oas 

-.023 

ra 
.123g-W 

.232  »  ' 
.318  ": 
.372  " 
.391  " 

To  obtain  the  shear  on  a  vertical  section,  it  must  be  remembered  that  one 
of  the  properties  of  the  parabola  is  that  a  tangent  at  the  springing  of  the 
arch  will  intersect  the  middle  ordinate  at  a  distance  h  above  the  crown, 
equal  to  the  rise  of  the  arch.      It  then  in  fig.  a,  we  draw  a  i  parallel  to  the 
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tangent  A  S  at  A  and  call  the  distance  R  i  ^  Z,  then  from  similar  triangles 

Z  :  H   :  :  2  h  :  m  .-.  Z    =  —  H. 

m 

The  vertical  shear  at  the  abutment  on  the  left  will  then  be 


Y  =  F,-Z,^^^W-^n. 


zm 


m 


Since  the  max  shears  will  occur  midway  between  the  points  of  division  of 
the  arch,  a  table  of  vertical  shears  has  been  made  at  these  points.  Placing 
the  load  Wat  point  6,  as  was  done  in  making  the  table  for  the  moments,  then 

P,  =  0.4  W;  P,  =  0.6  W;  H  =.  372^  W;  Z  =  .744  W. 

Z  will  diminish  at  a  constant  rate,  and  at  the  middle  of  the  first  space  = 
(.744-  -",V )  ^Y  ^=  6^0  W;  for  each  succeeding  ordinate  it  diminishes  ^p^  W. 

As  an  illustration  of  how  to  make  a  table  of  vertical  shears  the  following 
is  given. 

Values  of  coefficients  of  V,  load  applied  at  point  6,  or  point  4  if  signs  are 
changed. 

Pt.  along  arch  i      1^  2^         3^  U       5|  H         U  8^       9| 

P=  .4  .4         .4         .4  .4         .4      —.6      —.6      —.6    —.6 

Z  =  .670      .5-0      .373      .223      .075  —.075  —.223  —.867  —.521  —.669 

P— Z  =  —.270  —.121  -r.027  -f-.177  -V-.325  4- .475  —.377  —.228  —.079  -:-.069 

By  the  preceding  process  the  following  table  of  coefficients  of  vertical 
shears  has  been  computed. 

V  =  kW   values  of  k. 


Load  Placed  on  Points. 

1  ' 

2 

3 

4 

5 
-.204 

6 

7 

8 

9 

V  at  3^ 

+.678 

+.382 

+.128 

—.069 

—.270 

—.272 

—.218 

—.121 

"     "  1% 

—.272    +.475 

+.255 

+.079 

—.047 

—.121 

—.145 

-.125 

—.072 

"     "  '2H 

—.223  —.432 

+.382 

+.228 

+.109 

+.028 

—.018 

—.032 

—.023 

"     »  .31.3' 

—.173!  —.339 

—.491 

+.377 

+.2f5 

+.177 

+.109 

+.061 

+.026 

••   "  i^.i 

—.125  —.247 

—.364 

—.475 

+.422 

+.325 

+.236 

+.153 

+.075 

It    is   not    necessary   to  continue  this  table  further  since  the  values  on  the 
other  side  of  the  centre  will  be  the  same  only  with  the  signs  changed . 

From  these  values  of  verticular  shear  the  tangential  thrust  and  the  nor- 
mal shear  can  be  computed.  For  in  Fig.  2,  let  H  equal  horizontal  thrust, 
then  O  L  the  line  parallel  to  the  tangent  at  the  point  will   equal   tangential 

TT 

thrust,  or  calling  this  T,  we  have  T=^ +  V  sin  e.   the  angle  e  being  the 
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angle  made  with  H  by  the  tangent,  and  V=DC.  The  normal  shear  which 
we  will  call  S=V  cos  e. 

Since  the  tangential  thrust  must  be  combined  wilh  the  thrust  caused  by 
moments,  it  will  not  be  easy  to  determine  a  general  expression  for  the 
amount  of  load  to  produce  a  maximum  stress  in  either  flange.  So  in  the 
working  out  of  this  design  the  stress  in  each  part  of  the  flanges  was  deter- 
mined by  placing  a  single  load  at  each  point  of  division.  The  stresses 
were  tabulated  in  place  of  bending  moments,  those  of  like  sign  being  added 
together. 

The  loading  for  which  the  bridge  was  designed  was  the  same  as  that  des- 
ignated class  A  in  "Coopers'  Specifications  for  Highway  Bridges."  All  parts 
were  designed  according  to  the  above  specifications,  and  since  these  re- 
quired different  formulae  for  compression  members,  depending  on  the  kind 
of  loads,  the  maximum  stresses  were  tabulated  separately.  The  amount  of 
metal  required  for  each  was  then  found  and  the  sum  of  material  taken. 

Cooper's  specifications  also  require  that  the  maximum  stresses  in  all 
members  subjected  to  both  kinds  shall  be  increased  eight-tenths  of  the 
smaller.  The  following  table  gives  the  maximum  stresses  as  found  in  this 
design  with  such  increase  wherever  necessary. 


+  —Compression 

Live 

Temp. 

Dead. 

Wind. 

Section  required. 

—  =Tension 

*_  75  deg 

Stress 

in  Upper  Flange  at  1 

+  81455 

+  58945 

+84931 

+1713  (    4— 5x3i^xJ^  angles 
+1713  )    and  2— 5-16x10%   plates. 

It 

"  Lower        " 

"  1 

+  J  29534 

+  58945 

+82349 

ii 

"  Upper        •' 

"  2 

+111480 

+103881 

+84817 

+3045  I    4— 5x3i^x%  angles 
+3045  S    and  4—5-10x10%  plates. 

(( 

"  Lower        " 

"  2 

+146038 

+102881 

+79245 

(1 

"  Upper        " 

•  3 

+  92121 

+134266 

+84545 

+3997  )    4— 5x3i^x^  angles 
+3997  \    and  4— 5-16x10%  plates. 

" 

"  Lower        " 

"  3 

+127750 

+1.34266 

+77657 

11 

"  Upper 

"  4 

+  95861 

+153096 

+81448 

+4568  )    4— 5x3i^x>^  angles 
+4568  )    and  4—5-16x10%  plates. 

a 

"  Lower        " 

'  4 

+  92349 

+153096 

+76267 

it 

"  Upper 

'  5 

+  76955 

+159374 

+84104 

+4758  *    4— 5x3J^x%  angles 

tt 

"  Lower        " 

'  5 

+  77108 

+159374 

+76023  +4758  S    and  4— 5-16x10%   plates. 

The  wind  load  upon  the  ribs  was  applied  at  the  points  where  the  vertical 
loads  come  upon  the  arch,  the  floor  beam  at  the  crown  and  the  pins  at  the 
abutments  resisting  the  tendency  to  orverturn.  The  stresses  were  then  found 
as  if  the  ribs  were  straightened  out  forming  three  trusses. 

Since  the  floor  beams  are  continuous  girders,  Clapyeron's  theory  of  three 
moments  was  used  in  finding  the  stresses  in  them.     A  road  roller  was  found 
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to  be  the  heaviest  load  that  could  come  upon  them.  The  position  of  the 
wheels  causing  a  maximum  stress  was  found,  concentrated  loads  were  placed 
at  these  points  and  stresses  found  from  this  loading.  The  dead  load  was 
considered  as  evenly  distribute  I  and  stresses  due  to  it  found  separately. 

Finally  the  following  equation  was  applied  to  the  ribs  to  ascertain  how 
much  camber  in  the  arch  would  be  necessary,  so  that  no  stresses  might  be 
produced  by  change  in  form  of  the  arch-ribs  when  loaded. 

Let  v^^distance  between  the  springings  in  order  to  compensate  for  the 
amount  of  compression  which  would  arise  from  loads,  then 

,      H       3mU2h-^ 
^•^•A.E.         m 
in  which  A  represents  the  area  of  cross  section  at  the  crown,  the    other   let- 
ters representing  the  same  quantities  as  before. 

Applying  this  formula,  v=.08,  a  value  practically  equal  to  zero,  showing 
that  no  camber  is  necessary. 

The  amount  of  metal  used  in  the  bridge  is  about  180,000  lbs,  and  since 
the  arch  ribs  are  only  110  ft.  long  and  with  a  small  rise,  they  can  be  built 
in  the  shops  thus  reducing  the  cost.  All  the  sections  and  connections  have 
been  made  as  simple  as  possible,  audit  is  estimated  that  such  a  bridge  can 
be  built  for  $10,000.  This  of  course  does  not  include  the  cost  of  the  abut- 
ments. 
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DIFFERENT  FORMS  OF  THE  TELEPHONE. 

Robert  E.  Ford,  95.  F.  B.  Walker,  i>6. 

Since  the  telephone  interests  have  for  the  past  decade  been  in  the  hands 
of  one  company  which  controls  most  of  the  fundamental  patents,  many  in- 
ventions of  merit  have  been  kept  in  comparative  obscurity  and  are  un- 
familiar to  the  general  public.  It  is  the  object  of  this  paper  to  mention  a 
number  of  such  inventions,  together  with  several  forms  of  the  telephone 
which  are  in  successful  ojjeration  in  foreign  countries. 

The  earliest  and  simplest  form  of  telephone  is  the  Bell  receiver,  the  de- 
tails of  which  are  familiar  to  all.  The  receiver  of  the  Swiss  Telephone  Ad- 
ministration is  probable  the  most  efficient  and  carefully  designed  of  this 
type. 

The  compound  magnet  consists  of  four  laminae  and  is  four  and  one-half 
inches  long;  the  diaphragm  is  two  and  one-fourth  inches  in  diameter,  one 
hundredth  of  an  inch  (i  J, oin)  thick;  the  coil  is  wound  with  2500  turns  of 
number  40  B.  &  S,  copper  wire. 

There  is  another  single  pole  telephone  known  as  the  "Crown"  telephone, 
in  which  intense  magnetization  is  secured  by  using  several  horse-shoe  mag- 
nets with  like  poles  at  the  center,  the  other  poles  being  attached  to  the 
circumference  of  the  diaphragm. 

An  odd  form  of  telephone  has  a  long  conical  tube  of  magnetized  steel  with 
a  coil  around  the  smaller  end.  An  iron  or  steel  tube  outside  completes  the 
magnetic  circuit  from  the  larger  end  of  the  magnet  to  the  edge  of  the  dia- 
phragm, making  it  similar  to  the  '"Crown"  form  except  that  the  sound  travels 
through  the  hole  in  the  magnet. 

The  crown  telephone  may  make  use  of  a  steel  cup  instead  of  the  horse- 
shoe magnets.  An  instrument  of  this  form  constructed  by  the  writers,  took 
the  form  of  a  cylindrical  box  with  an  iron  ring  for  sides  and  steel  plate 
magnetized  radially,  for  the  bottom  .  A  quarter  inch  iron  core  in  the  axis 
of  the  cylinder  carried  a  coil  of  the  usual  dimensions.  The  diaphragm  was 
fastened  to  the  ring,  and  a  brass  ear-piece  outside  protected  it  from  injury. 
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This  form  is  very  compact  but  is  difficult  of  construction  and  not  capable  of 
high  magtietization.  The  latter  fault  might  be  remedied  by  laminating  the 
steel  plate. 

In  order  to  increase  the  number  of  effective  lines  of  force,  horse-shoe 
magnets  are  used,  carrying  coils  on  the  poles,  both  of  which  are  presented 
to  the  active  portion  of  the  diaphragm.  One  of  Prof.  Bell's  first  telephones 
was  constructed  this  way,  and  the  Siemens,  Gower,  Kotyra  and  other  forms 
make  use  of  the  same  idea. 

The  useful  portion  of  the  wire  in  the  two  coils  seems  to  be  that  section  be- 
tween the  poles,  the  rest  being  useless  resistance.  To  make  all  of  the  wire 
active,  D'Arsonval  uses  a  cylindrical  pole-pioce  carrying  the  coil,  the 
other  pole  entirely  surrounding  it. 

The  Ader  telephone,  aa  instrument  of  the  simple  two-pole  form^  has  one 
striking  peculiarity;  directly  above  the  diaphragm,  fastened  to  the  mouth- 
piece is  an  iron  ring,  called  by  the  inventorthe  "over-excite'' (sur-excitateur.) 
DuMoncel  found  that  the  more  nearly  equal  are  the  masses  of  the  magnet 
and  the  armature,  the  stronger  is  the  reciprocal- induction.  The  iron  ring 
therefore  tends  to  increase  the  effect  of  the  magnet.  This  effect  might  be 
obtained  by  increasing  the  mass  of  the  diaphragm  itself,  but  the  result 
would  be  secured  at  the  expense  of  its  vibrating  capacity.  The  Ader  in- 
strument is  extremely  sensitive  to  the  delicate  inflections  which  constitute 
the  timbre  of  the  human  voice. 

If  several  receivers  are  connected  in  series  on  a  line  carrying  a  telephonic 
current,  the  sound  in  each  is  but  little  less  than  if  there  were  but  one.  In 
order  to  combine  the  effect  of  several  receivers  in  one  instrument.  Goloub- 
itzky  designed  a  telephone  in  which  the  effect  of  four  magnet  poles  was 
concentrated  upon  one  diaphragm.  The  C  shaped  magnets  were  set  at  right 
angles  to  each  other.  The  four  coils  were  connected  up  with  like  pole  coils 
in  parallel  and  the  two  pairs  of  coils  in  scries.  We  have  no  data  as  to  the 
increase  in  effect,  but  since  the  amplitude  of  vibration  is  increased  but  little 
with  an  increase  of  the  pull,  it  is  not  likely  that  the  increased  efficiency 
would  warrant  the  additional  expense  of  construction. 

The  next  type  of  instrument  which  might  be  considered  is  a  modification 
of  the  two  pole  type,  having  two  active  poles  but  differing  from  it  in  that 
the  diaphragm  is  between  the  pole  faces.  An  instrument  of  this  variety 
consists  of  a  horse  shoe  magnet  having  iron  cores,  which  carry   the  coils^ 
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projecting  from  the  interior  pole  faces.  One  of  these  cores  is  hollow,  pro- 
.viding  an  opening  for  the  sound  waves  to  travel  from  the  mouth-piece  to 
the  center  of  the  diaphragm.  This  portion  of  the  diaphragm  is  the  most 
active  and  is  also  under  the  maximum  intensity  of  magnetization,  a  com- 
bination which  gives  the  maximum  eflFect. 

A  radii^al  departure  from  the  usual  construction  of  telephones  and  an  ap- 
parently new  principle  is  brought  out  in  the  Field  iron  clad  receiver  and 
transmitter. 

As  in  the  ordinary  Bell  receiver,  a  core  carrying  a  coil  of  wire  is  attached 
to  the  pole  of  a  bar  magnet  and  close  to  the  end  of  the  core  is  a  diaphragm 
of  soft  iron.  In  addition  to  this  is  a  second  pole  piece  jjrojecting  towards 
the  center  of  the  diaphragm  and  connected  with  the  same  pole  of  the  steel 
magnet  by  an  iron  box  which  encloses  the  coils  and  diaphragm  and  to 
which  the  latter  is  fastened.  The  coils  are  so  connected  as  to  induce  like 
poles  on  the  ends  toward  the  diaphragm.  The  diaphragm  is  therefore 
acted  upon  by  two  equal  poles  of  like  polarity  and  is  under  no  strain  what- 
ever; the  magnetic  lines  of  force  take  the  path  of  least  reluctance,  which  is 
around  through  the  box;  and  when  there  is  no  current  in  the  coils,  the 
number  of  lines  through  the  diaphragm  is  practically  zero.  When  a 
current  traverses  the  coils,  a  part  of  the  lines  of  force  are  di- 
verted through  the  cores  and  act  upon  the  diaphragm,  thus  inducing  sound 
waves  which  traverse  a  hole  in  the  outer  pole-piece.  There  is  also  a  two 
pole  leceiver  of  similar  construction. 

A  telephone  company  of  Chicago  has  also  brought  out  an  instrument  in- 
volving the  principle  of  a  diaphragm  under  no  strain  and  for  which  is 
claimed  many  advantages  in  the  matter  of  a  louder  and  more  distinct  re- 
production of  speech. 

The  magneto  telephones,  to  which  class  all  the  foregoing  instruments  be- 
long, are  limited  in  their  field  of  successful  operation  to  short  lines  of  a 
comparatively  low  resistance.  If  two  telephones  of  very  low  resistance 
were  connected  over  a  line  of  no  resistance,  the  efficiency  of  transmission 
would  approach  100  per  cent.;  but  when  there  is  introduced  into  each  in- 
strument a  resistance  of  100  ohms  or  so  and  several  hundred  more  into  a  line 
between  them,  the  loss  amounts  to  a  considerable  per  cent,  of  the  total  dif- 
ference of  potential,  and  leaves  very  little  effective  current   for   use  in   the 
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receiver.  To  compensate  for  this  loss,  Edison  introduced  a  battery  into 
the  circuit  of  the  receiver,  aud  devised  a  transmitter  in  which  the  sound 
waves  operated,  a  variable  resistance  causiug  the  changes  in  the  line  cur- 
rent; and  to  increase  the  potential  of  the  line  currents,  the  battery  circuit  is 
connected  with  the  primary  circuit  of  an  induction  coil  with  the  secondary 
on  the  line. 

The  commonest  and  the  most  effective  method  of  varying  the  resistance 
in  the  transmitter  is  by  employing  carbon,  which  has  the  property  of  chang- 
ing its  resistance  when  pressure  is  applied  to  it.  Familiar  examples  of  car- 
bon transmitters  are  the  Edison,  Blake,  Humming,  Berliner,  etc. 

The  Edison  carbon  transmitter  was  the  first  of  its  kind.  It  depends  in  its 
action  upon  the  difference  of  pressure  on  a  carbon  plate  between  two  met- 
allic plates,  one  of  which  vibrates  in  unison  with  the  diaphragm. 

The  Blake  transmitter  which  has  been  the  commercial  instrument  for 
short  distance  work,  consists  of  a  small  carbon  button  in  contact  with  a  plat- 
inum point;  the  latter  rests  directly  upon  the  center  of  the  diaphragm.  The 
pressure  between  the  electrodes  is  regulated  by  varying  the  tension  of  the 
springs  which  support  them. 

In  the  Marche  transmitter  the  metallic  point  is  replaced  by  a  carbon 
button  attached  to  the  center  of  the  diaphragm.  The  Berliner  transmitter 
is  of  a  similar  construction,  except  that  the  movable  electrode  is  held  in 
position  by  its  own  weight.  Lighter  or  heavier  carbon  pencils  are  used  ac- 
cording to  the  resistance  in  the  circuit.  For  long  distance  work  a  similar 
instrument  is  employed  having  three  contacts.  The  Christeusen  trans- 
mitter has  a  horizontal  carbonized  diaphragm  on  which  rests  by  its  own 
weight,  a  soft  carbon  button  with  a  flat  surface.  This  contact  is  capable  of 
carrying  a  rather  high  current  without  heating  and  hence  was  used  on  lines 
of  high  resistance. 

In  a  French  microphone  transmitter,  the  variable  resistance  is  obtained 
by  placing  in  the  circuit,  six  balls  of  hard  carbon  in  a  glass  tube.  The 
variations  in  pressure  affect  all  the  contacts  of  the  balls  ecxually,  thus  mul- 
tiplying the  effect. 

Reference  has  been  made  earlier  in  this  paper  to  the  Hunning  trans- 
mitter. This  instrument  stands  at  the  head  of  the  class  known  as  granular 
transmitters  from  the  form  in   which  the   carbon   is   utilized  and   combines 
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many  features  oi:  orij^inality  and  efficiency.  It  consists  of  a  vibrating  plat- 
inum foil  diaphragm,  behind  which,  at  about  a  distance  of  about  one-eighth 
inch  is  a  fixed  metallic  or  carbon  plate.  The  granulated  carbon  is  loosely 
packed  between  tliem.  Several  important  improvements  and  modifications 
have  been  brought  out,  among  which  may  be  mentioned  one  in  which  the 
platinum  diaphragm  has  been  replaced  by  a  thin  carbon  disc.  The  Run- 
ning solid  back  form  used  on  the  New  York— Chicago  line,  employs  a  mica 
diaphragm  to  which  is  fastened  a  copper  plate  in  contact  with  the  carbon 
granules. 

The  Berliner  Universal  transmitter  is  very  similar  to  the  Hunning,  but 
uses  a  horizontal  carbon  diaphragm  as  one  electrode. 

To  avoid  the  packing  of  the  carbon  granules  which  is  so  detrimental  in 
other  forms,  an  instrument  has  been  patented  which  eliminates  compres- 
sion of  the  carbon  by  having  fixed  electrodes.  Attached  to  or  supported 
against  a  mica  diaphragm  is  a  small  hard  rubber  box  nearly  full  of  granu- 
lated carbon  and  in  which  are  two  vertical  plates  set  perpendicular  to  the 
diaphragm,  which  serve  as  electrodes.  The  vibration  of  the  carbon  changes 
the  resistance  and  at  the  same  time  keeps  it  in  a  loose  state. 

Another  method  of  varying  resistance  is  by  changing  the  area  of  contact 
of  the  electrodes,  either  by  plumbago  blocks  sliding  upon  each  other  as  in 
a  later  Edison  form,  or  by  employing  liquids  at  the  electrodes.  Elisha 
Gray  proposed  a  platinum  wire  dipping  in  water  and  some  instruments  em- 
ploy a  jelly  like  liquid  instead  of  carbon  between  electrodes.  Brequet  has 
perfected  a  mercury  telephone  depending  upon  the  principle  that  the  level 
of  contact  of  mercury  and  another  liquid  in  a  capillary  tube  is  dependent 
upon  the  potential  difference  at  these  surfaces. 

Next  might  be  mentioned  a  few  phones  which  are  more  noticeable  on  ac- 
count of  peculiarities  of  construction  or  theory  than  upon  their  commer- 
mercial  value.  The  first  to  be  considered  is  a  receiver  which  Edison 
evolved  soon  after  the  Bell  form  appeared.  The  essential  feature  of  this 
invention  is  a  chalk  cylinder  saturated  with  some  saline  compound,  as 
caustic  potash,  revolving  at  a  constant  speed,  and  upon  the  periphery  of 
which  rubs  a  platinum  strip  soldered  to  the  diaphragm.  The  current  in 
passing  from  the  cylinder  to  the  platinum  strip  decomposes  the  salt  which 
increases  or  decreases  the  friction  at  this  point,  causing  an  intermittent  pull 
on  the  diaphragm. 
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It  has  been  found  that  the  length  of  a  magnet  depends  to  a  greater  or 
less  extent  upon  the  degree  of  its  magnetization.  An  instrument  based 
upon  this  principle  has  a  permanent  magnet  fixed  at  one  end,  carrying 
at  its  other  extremity  one  of  a  pair  of  carbon  electrodes.  An  iron  dia- 
phragm close  to  the  fixed  end  of  the  magnet,  when  vibrating  under  the  in- 
fluence of  the  voice,  induces  magnetic  changes  in  the  magnet  which  vary 
the  pressure  upon  the  carbons. 

Ever  since  the  telephone  was  introduced  electric  currents  exclusively, 
have  been  used  to  reproduce  speech  at  a  distance.  (So  called  mechanical 
telephones  which  merely  substitute  a  more  elastic  medium  for  the  air,  are 
not  considered.)  Of  late,  however,  an  exception  to  this  rule  has  been 
brought  out  which  is  entirely  magnetic  in  its  action.  It  consists  of  a  single 
magnetized  wire  between  the  two  stations,  and  an  iron  diaphragm  at  each 
end.  The  vibrations  of  one  diaphragm  affegt  the  magnetism  in  the  wire 
causing  similar  vibrations  at  the  other  end.  This  system  is  not  affected  by 
induction  from  parallel  lines  carrying  currents. 


62  C.  D.    Wilkinson. 


DETERMINATION  OF  MANGANESE  IN  IRON  ORES. 

C.  D.  Wi/.KiNsoN,  '95. 

In  the  analysis  of  mauganiferous  iron  ores  it  is  difficult  to  find  methods 
that  are  quick  and  accurate,  and  still  adapted  to  the  ordinary  laboratory. 

The  so  called  ''acetate  method"  was  formerly  most  used. 

It  depends  on  the  precipitation  of  all  the  materials  except  Mn  from  a  neu- 
tral solution  by  sodic  acetate.  If  Co,  Ni,  or  Cu  are  present,  they  must  be 
precipitated  by  Hg  S. 

The  method  is  as  follows: 

The  ore  is  dissolved  in  H  N  O3,  evaporated  and  redissolved  in  HCl 
The  solution  is  then  neutralized  by  Nag  CO3.  Sodic  acetate  is  then  added 
and  the  solution  diluted  to  about  700  c.  c.  with  boiling  water  is  boiled  for  ten 
minutes. 

After  settling,  the  clear  solution  is  decanted  and  the  precipitate  thrown 
into  a  filter  and  washed,  dissolved  in  HCl  and  after  being  reprecipitated, 
is  washed  again.     This  is  repeated  three  times  and  the  filtrate  saved. 

The  filtrate  is  then  concentrated  to  about  300  c  c,  and  the  MnO.^  is  pre- 
cipitated with  Bromine  water. 

After  heating  to  expel  the  excess  of  Br  the  precipitate  is  filtered  out, 
washed  and  dissolved  in  SO 2  water. 

The  excess  of  SO.^  is  then  driven  otf  by  boiling  and  5  to  10  c.  c.  of  a  solu- 
tion of  microcosmic  salt  is  added. 

The  solution  is  heated  and  NH4OH  added,  drop  by  drop,  until  a  precip- 
itate begins  to  form.  It  must  be  constantly  stirred  so  as  to  obtain  a  silky, 
crystallic  precipitate. 

Add  a  slight  excess  of  ammonia  and  cool  the  solution. 

Filter,  wash,  ignite  and  weigh  the  precipitate  as  Mn.^  P.^  O^  containing 
38.74%  Mn. 

This  method  is  accurate  if  great  care  is  taken,  first,  in  the  neutralization 
by  Na.^  CO3  and  precipitation  by  sodic  acetate,  and  second,  in  the  precipi- 
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tation  with  microcosmic  salt  and  NH^  OH.      It  is,  however,  very   evident 

that  the  operation  is  long  and  tedious. 


ford's  method. 

Ford's  method  is  based  on  the  action  of  KCIO3  in  presence  of  HNO3. 

The  solution  is  made  in  HCl  evaporated,  diluted  and  the  silica  filtered 
out.  After  evaporating  again,  100  c.  c.  of  HNO3  and  5  gms.  KCIO3,  are 
added. 

After  boiling  for  15  minutes,  50  c.  c.  of  HNO3  and  5  gms.  more  of  KCIO3 
are  added,  and  the  solution  heated  until  yellowish  fumes,  from  the  decom- 
position of  KCIO3,  are  no  longer  given  off. 

The  solution  is  cooled  as  rapidly  as  possible,  and  filtered  with  an  asbestos 
filter.  Pump  and  wash  two  or  three  times  with  HNO3  free  from  nitrous 
fumes. 

The  precipitate  and  asbestos  are  transferred  to  the  beaker  in  which  the 
precipitation  was  made  and  10  to  40  c.  c.  of  So.j  water  poured  in. 

As  soon  as  the  precipitate  is  dissolved  2  to  5  c.  c.  of  HCl  are  added  and 
the  solution  filtered  from  the  abestos. 

The  solution  is  heated  to  drive  off  the  excess  of  SO.,  and  the  Mn  Og  pre- 
cipitated with  bromine  water. 

Boil  off  the  excess  of  Br,  add  ammonia  to  alkaline  reaction,  boil  and  filter. 

The  ferric  hydrate  is  then  dissolved  with  hot  dil.  HCl,  and  the  filtrate  al- 
lowed to  run  into  the  beaker  in  which  the  precipitation  was  made. 

If  Cu,  Co,  or  Ni  are  present  they  will  now  be  precipitated  with  Ho  S  gas. 

The  Mn  is  then  precipitated  from  the  solution  as  MnO  by  microcosmic 
salt  as  in  the  "acetate  method." 

This  method,  though  shorter  than  the  acetate  method,  is  yet  long  and  has 
the  same  troublesome  precipitation  with  microcosmic  salt. 


BARIUM  CARBONATE  METHOD, 

A  commonly  used  method  is  one  in  which  the  precipitation  is  made  with 
Ba  C03. 

Five  gms.  of  the  ore  are  dissolved  in  40  c.  c.  con.  HCl  and  2  c.  c.  HNO3. 

The  solution  is  evaporated,  diluted,  and  the  silica  filtered  out  and  the  fil- 
trate made  up  to  250  c.  c. 
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Sodium  carbonate  is  added  to  the  filtrate  from  a  burette  until  the  acid  is 
neutralized. 

Then  milk  of  barium  carbonate  is  added  to  precipitate  the  Fe  and  Al  as 
hydrates.  After  this  has  stood  two  or  three  hours  the  hydrates  of  Fe  and 
Al  are  filtered  out. 

After  HCl  is  added  to  the  filtrate,  it  is  boiled.  Then  the  Ba  is  precipitat- 
ed from  the  hot  solulion  with  hot  Hg  SO4  (dil.)  This  is  allowed  to  stand 
24  hours  and  is  then  filtered. 

NH4  OH  is  added  to  the  filtrate  in  a  flask,  to  alkaline  reaction.  Then 
(NH4)2  S  is  added  to  precipitate  the  Mn  as  MnS.  The  flask  is  corked 
and  allowed  to  stand  24  hours. 

Filter  and  wash  with  water  containing  (NH4)2  S.  The  precipitate  is  then 
dissolved  in  HCl  and  heated  to  boiling  and  Na.^  CO 3  added  to  alkaline  re- 
action, giving  a  precipitate  of  Mn  CO3. 

Filter,  wash,  ignite  and  weigh  in  a  porcelain  crucible  as  Mng  O4  and  cal- 
culate the  MnO.^. 

This  method,  is  quite  accurate  but  two  of  the  precipitations  require  24 
hours,  so  it  necessarily  takes  some  time.  It  could  be  somewhat  shortened  by 
weighing  as  the  sulphide.  If  a  iiumber  of  determinations  are  to  be  carried 
on  at  the  same  time,  and  a  quick  analysis  is  not  required,  this  does  not  take 
much  actual  work  and  is  hence  a  good  method. 


VOLUMETRIC  METHODS. 

1.  Ferrous  Sulphate  Method. 

This  method  depends  upon  the  oxidizing  power  of  the  Mn  O.^  in  the  ore. 

Weigh  out  two  portions  of  ferrous  sulphate  or  ammonia-ferrous  sulphate, 
one  of  two  gms.  and  the  other  of  4  to  8  gms. 

Put  second  amount  in  a  flask  with  one  gm.  of  ore,  and  run  in  CO.^  gas. 
Then  add  about  30  c.  c.  of  water  and  10  c.  c.  H^  SO4,  and  continue  the 
stream  of  CO 2  to  exclude  the  air. 

Now  while  the  ore  is  being  acted  on  by  the  acid,  dissolve  the  2  gm.  por- 
tion of  Fe  S04  and  titrate  with  a  standard  solution  of  potassium  perman- 
ganate. 

Then  cool  the  other  solution  and  make  up  to  300  to  400  c.  c.  and  titrate 
with  the  permanganate. 
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The  difference  between  the  two  titrations  is  the  amount  of  Fe  SO4  oxi- 
dized by  the  MuO, . 

This  is  a  very  easy,  accurate  and  rapid  method,  when  all  the  Mu  exists 
asMaO.,. 

If  the  potassium  permanganate  has  been  standardized  with  Fe  SO4  and 
the  Zn  used  in  reducing  was  not  pure,  it  is  well  to  put  into  each  solution 
three  gms  of  Zn,  dissolved  in  H.,S04 . 

2.  Oxalic  Acid  Method. 

This  is  identical  with  the  ferrous  sulphate  method  except  the  use  of  ox- 
alic acid  instead  of  the  ferrous  sulphate.  The  acid,  in  this  case  evolves 
CO., ,  hence  that  apparatus  may  be  dispensed  with. 

3.  Peroxide  of  Hydrogen  Method. 

In  this  method  the  ore  is  put  in  a  flask  arranged  to  save  and  measure 
the  gas  evolved. 

To  a  gram  of  the  ore  20  c.  c.  of  peroxide  of  hydrogen  is  added,  and  the 
gas  evolved  is  measured,  corrections  having  been  made  for  temperature  and 
pressure.     The  gas  is  oxygen,  half  from  the  MnO.^  and  half  from  H, O... 

The  method  is  not  very  satisfactory  if  ordinary  methods  for  collecting 
the  gas  are  used;  but  if  a  volumeter  can  be  used  it  is  very  accurate. 

4.  Yolhard's  Method. 

The  solution  is  made  in  2  c.  c.  of  HCl,  4  c.  c.  of  HNO3  and  6  c.  c.  of  dil. 
H^S04  and  boiled  until  fumes  of  sulphuric  anhydride  appear.  The  solu- 
tion is  then  neutralized  with  ZaO,  precipitating  the  iron.  It  is  then  ti- 
trated with  H  potassium  permanganate  solution.  The  titration  is  complete 
when  a  faint  pink  shows  on  the  edge  of  the  solution.  To  obtain  the  value 
for  the  Mu  multiply  the  value  of  the  permanganate  for  iron  by  0.2946. 

The  reaction  is  3MuO+Mu.,0.=5MnO.,. 


COLORIMETRIC   METHOD. 

One  gram  of  mateiial  is  dissolved  in  HNO3  and  boiled. 

Then  0.4  gram  of  pure  peroxide  of  lead  is  added.  First  add  a  little  of 
the  lead  and  when  the  violent  ebullition  has  ceased  the  rest  is  added  and 
boiled  for  exactly  two  and  a  half  minutes  longer,  then  removed  from 
heat,  and  cooled  in  water  away  from  light,  and  allowed  to  settle  for  an  hour. 
The  clear  solution  is  then  poured  off  into  a  graduated  tube  tc  match,  by  di- 
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lution,  a  standard  soluticn  containing  .0001  grams  of  Mn  as  a  permanganate 
in  each  c.  c.  of  solution. 

The  method  is  accurate  to  .02  per  cent  Mn  for  material  with  .15  to  1.5  per 
cent.  Mn. 

Great  precautions  have  to  be  taken,  however,  against  anij  impurities. 


Crookes  in  his  "Select  Methods,"  says  that  on  account  of  the  fact  that 
manganese  is  used  for  the  oxygen  it  gives  up,  a  method  for  the  determina- 
tion of  the"available  oxygen"  is  the  best  for  use  in  a  technical  laboratory. 


References  to  the  methods  may  be  found  as  follows, — 

ACETATE    METHOD. 

Blair's  "Chemical  Analysis  of  Iron,"  pp.  103-8, 
Thorpe's  "Diet,  of  Chem."  under  Manganese, 

FERROUS    SULPHATE   METHOD. 

Pages  109-10  of  Blair. 

"       180-131,  Hartley's  "Quantitive  Analysis, 

ford's   METHOD. 

"Transactions  of  American   Institute  of    Mining   Engineers,"  Vol,    IX, 
p.  397, 

Furmans  "Manual  of  Practical  Assaying,"  p.  194. 
Blair's  "Chemical  A.nalysis  of  Iron,  p,  109," 

COLORIMETRIC   METHOD, 

Crooker  Select  Methods— Trans.  Am.  Inst,  of  Mining  Engs.,  Vol.  XV' 
p.  104. 

Furmans  "Manual  of  Practical  Assaying,"  p.  200. 

VOLHARD's    METHOD. 

Furmans  "Manual,"  p.  199. 

In  the  analysis  of  an  ore  containing  manganese,  if  the  manganese  itself  is 
desired.  Fords  method  would  probably  ba  the  best  to  use. 

But  if  the  oxidizing  power  of  the  Mn  O;.  is  desired,  some  one  of  the 
methods  for  the  determination  of  the  "available  oxygen"  wou'd  be    the  best. 
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lu  running  an  ore  for   a   complete   determination  the   Ba  OO3  method  is 
useful. 


The  following  extract  from  the  "School  of  Mines  Quarterly:  Nov.  '93" 
j)ublished  by  the  Columbia  School  of  Mines,  has  a  bearing  on  several  of  the 
processes. 

'•Carnot-Compt.  Rend.  CXyi,  1375 

'•Ignition  of  Mu.  oxide  when  perfectly  pur^  yields  Mna  O4,  but  the  pres- 
ence of  even  minute  quantities  of  other  substances  alters  the  result.  Evap- 
oration of  a  Mn  solution  in  H  N  O3  does  not  afford  all  of  the  Mn  as  Mn  O2 
unless  it  is  repeated  two  or  three  times . 

The  K  C  1  0.J  preciiiitation  in  Con.  H  N  O^  requires  repetition  also  in 
order  to  obtain  pure  Mn  O  .^.  The  most  ready  method  for  obtaininiJ:  a  higher 
Mu  oxide  of  a  constant  composition,  consists  in  adding  H.Oo  to  the  Mn 
sol.  and  then  ammonia  in  excess  and  boiling.  The  precipitate  is  Mn  gOj , . 
By  determining  the  "available  oxygen'"  in  this  precipitate  the  Mn  may  be 
determined. 

Resolution  and  reprecipitation  of  the  Mug  Oj  j  is  necessary  if  Cu,  Zn,  Ni 
or  Co  are  present.  Co  requires  6ve  precipitations,the  others  three.  MnO^ 
if  ijrecipitated    by    Br  in    ammonia  solution  requires  prolonged  washing. 


In    comparing   these   methods   I  have  made  analyses  by  Ford's  method, 
Ba  C03  method,  Ferrous  Sulphate  method  and  Hydrogen  Peroxide  method. 
The  results  are  as  follows: 

Ba  CO.,  6.81 

Ford's  Method  6.23— Best. 

Ferrous  Sulphate  6.59 

This  last  result  gave  very  much  trouble.  As  it  stands  it  is  probably  abet- 
ter result  than  the  other  two,  but  I  do  not  think  the  method  is  to  be  depend- 
ed on. 

The  hydrogen  peroxide  gave  very  poor  results,  as  the  amount  of  gas 
evolved  was  small,  and  the  utmost  care  must  be  taken,  or  in  heating,  heated 
air  will  be  driven  over  instead  of  gas. 

Probably  for  highly  manganiferous  compounds  these  volumetric  methods 
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may  be  very  good,  but  for  an  ore  where  there  is  liable  to  be  some  other 
oxidizing  agent,  they  are  not  very  useful. 

Results  with  the  oxalic  acid  method  in  all  cases  ran  below  6  per  cent. 

On  the  whole  I  think  the  methods  very  unsatisfactory,  the  older  aad  more 
reliable  methods  being  very  slow,  while  the  new  ones  are  not  accurate. 
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THE  ELECTRIC  TELEPHONE. 

Morgan  Brooks,  of  the  Elect.  Eng.  and  Supply  Co.,  MinneapoliB. 

A  Lecture  before  the  Society  of  Engineers. 

Now  that  the  fundamental  patents  covering  the  art  of  telephony  have  ex- 
pired we  may  look  for  a  greatly  increased  use  of  the  telephone.  The  most 
important  patent,  that  dated  January  30th,  1877,  has  recently  expired. 
This  patent  of  Alex.  Graham  Bell  covers  the  receiver  in  general  use 
throughout  the  country,  and  it  also  covers  a  very  good  form  of  transmitter. 
A  very  satisfactory  conversation  can  be  carried  on  by  means  of  a  pair  of 
such  magnetic  telephones  alone,  one  at  each  end  of  a  short  line. 

As  this  is  the  simplest  form  of  telephone,  it  may  be  well  to  describe  what 
actually  takes  place.  The  sound  vibrations  of  the  voice  acting  upon  the 
diaphragm  of  the  sending  telephone  cause  it  to  vibrate  precisely,  as  does 
ones  ear  drum.  The  diaphragm,  being  made  of  sheet  iron,  has  a  strong  in- 
ductive reaction  upon  the  permanent  magnet  close  behind  it,  and  produces 
a  vibratory  current  of  electricity  in  the  helix  of  copper  wire  at  the  end  of 
the  telephone  magnet.  This  is  according  to  the  law  discovered  by  the  great 
physicist  Faraday.  The  currents  produced  by  the  diaphragm  by  induction 
are  believed  to  be  similar  in  form  to  the  sound  waves  produced  by  the  voice, 
so  that  they  truly  represent  the  sounds  spoken  against  the  diaphragm.  Be- 
ing carried  over  the  line  wire  to  a  precisely  similar  telephone  at  the  far  end 
of  the  line,  this  current  produces  a  corresponding  reaction  on  the  receiving 
telephone  magnet  which  attracts  and  repels  the  diaphragm  of  that  telephone, 
reproducing  not  only  tones  of  the  voice,  bat  also  spoken  words.  The  repro- 
duction is  beautifully  clear,  but  it  seems  incredible  that  the  induced  currents 
caused  by  the  vibration  of  the  diaphragm  should  have  sufficient  power  to 
transmit  speech  without  the  use  of  any  battery  whatever. 

The  rapidity  of  transmission  is  that  of  electricity,  which  is  practically  in- 
stantaneous. Were  the  sound  vibrations  transmitted  through  the  wire  as  in 
the  mechanical  or  string  telephone,  it  is  easy  to  see  that  conversation  could 
not  be  carried  on,  even  over  a  comparatively  short  line.     Since  sound  travels 
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at  the  maximum  rate  of  10,000  feet  per  second  through  copper  wire,  it  is 
easy  to  calculate  that  it  would  take  nine  minutes  for  a  single  syllable  to  be 
transmitted  from  New  York  to  Chicago. 

On  long  circuits,  conversation  by  means  of  magneto  telephones  alone,  is 
too  faint  for  commercial  use .  In  order  to  overcome  this  difficulty,  many 
forms  of  microphone  transmitter  have  been  invented.  The  microphone 
transmitter  is  essentially  a  different  instrument  from  the  magneto  trans- 
mitter, since  it  depends  for  its  power,  upon  the  variation  of  current,  obtained 
from  a  battery.  This  variation  of  current  is  produced  by  the  vibration  of 
the  microphone  diaphragm,  which  causes  a  variation,  either  in  the  pressure 
upon  or  in  the  surface  of  contact  of  a  poor  conductor,  such  as  carbon 
included  in  the  battery  circuit.  The  action  depends  upon  the  variation  of 
the  current  thus  produced,  reproducing  sound  waves  in  the  receiving  tele- 
phone, which  is  generally  the  regular  Bell  magneto  receiver.  At  first  these 
variable  resistance  transmitters  were  placed  directly  in  circuit  with  the  re- 
ceiving telephone,  but  finding  the  amount  of  battery  required  for  long  lines 
to  be  excessive,  it  was  afterwards  arranged  in  local  circuit  with  the  primary 
of  a  small  induction  coil, the  secondary  being  connected  through  the  receiver 
to  the  line.     This  is  the  arrangement  in  universal  use  to-day. 

The  Blake  transmitter,  which  is  the  one  in  most  general  use,  coasists  of  a 
single  carbon  button,  with  a  platinum  pin  head  resting  against  this,  and 
controlled  directly  by  the  vibration  of  the  diaphragm. 

The  long  distance  transmitter  is  similar  in  principle,  but  instead  of  having 
a  single  contact  point  of  variable  resistance,  has  a  small  chamber  filled  with 
granulated  carbon,  giving  a  great  many  points  of  contract,  and  j)ermitting 
the  use  of  a  stronger  battery. 

In  the  ordinary  subscriber's  telephone  set,  is  the  calling  device,  gen- 
erally consisting  of  a  magneto  generator,  which  is  really  an  alternating 
current  dynamo  of  simple  construction,  the  armature  being  turned  by  a 
crank.  The  alternations  produced  by  this  machine  cause  a  polarized  bell  to 
ring  even  at  great  distances. 

The  switch  connections  in  the  magneto  bell  are  somewhat  complicated, 
but  need  not  be  described  in  detail,  as  they  are  not  a  fundamental  part  of 
the  telephone  system. 

In  order  to  make  the  telephone  available,  some   form  of  switch  board  or 
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central  exchange  device  becomes  necessary.  The  early  exchanges  nsed  a 
form  of  switch  board  designed  upon  the  same  principle  as  the  telegraph 
switch  boards  then  in  use.  Improvements  of  construction  were  rapidly  in- 
troduced, until  now  the  largest  exchanges,  such  as  at  Broad  st..  New  York, 
are  exceedingly  intricate  in  their  arrangements.  This  latest  "exchange  is 
very  similar  to  the  one  on  exhibition  at  the  World's  Fair,  and  is  skillfully 
arranged  for  the  most  rapid  connecting  of  lines.  The  principle  is  practi- 
cally the  same,  whether  the  lines  are  single  grounded  circuits  or  double 
metallic  circuits,  and  the  connecting  device  consists  generally  of  a  single  or 
double  cord,  with  plug  at  the  end  to  be  inserted  in  the  sockets  representing 
the  lines  to  be  connected.  In  any  but  the  smallest  exchanges  it  is  necessary 
to  have  the  sockets  or  '"jacks"  representing  the  several  lines  placed  within 
the  reach  of  every  operator,  making  what  is  known  as  the  multiple  board. 
By  this  repetition  of  sockets,  any  operator  is  able  to  make  connections  with 
any  lines  in  the  exchange  without  assistance  from  any  other  operator,  there- 
by facilitating  rapid  communication. 

An  ingenious  device  is  arranged  to  notify  the  operator  when  the  line  is 
already  engaged  or  "busy."'  Modern  practice  allows  only  one  subscriber  on 
a  line,  but  in  the  early  days,  where  several  were  connected  upon  one  Kne, 
much  interference  and  delay  were  caused  when  two  or  more  wished  to  talk 
at  the  same  time. 

In  the  matter  of  line  building,  copper  has  now  nearly  superceded  iron  for 
telephone  lines.  The  advantages  of  copper  for  telephones  are  very  great, 
and  were  realized  by  the  telephone  companies  earlier  than  by  the  telegraph 
companies.  The  present  standard  of  line  construction,  adopted  by  the  long 
distance  telephone  companies  is  very  much  better  than  the  standard  of  even 
the  Western  Union  Telegraph  Co.;  one  result  of  which  is  shown  in  the  case 
of  a  severe  sleet  storm,  when  the  telephone  lines  are  the  last  to  yield. 

Metallic  or  return  circuits  are  required  for  all  long  lines,  and  should  be 
used  everywhere.  When  properly  put  up,  a  metallic  circuit,  even  where 
subject  to  the  disturbances  of  parallel  electric  light  or  street  railway  lines, 
will  be  perfectly  quiet.  This  is  only  accomplished  by  a  careful  system  of 
construction,  whereby  the  times  are  transposed  at  frequent  intervals. 

For  crossing  rivers  and  for  under-ground  work  in  cities,  cables  are  re- 
quired, which  are  a  decided  disadvantage  to  telephones,  as  compared  with 
over- head  lines,  one  mile  of  cable,  even  of  the  best  quality,  having  a  greater 
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retarding  influence  on  telephone  conversation  than  ten  miles  of  over-head 
wires.  Nevertheless,  in  nearly  all  large  cities,  telephone  wires  are  entirely 
under-ground,  and  the  service  given  is  admirable. 

The  possibilities  of  sub-marine  conversation  seem  to  be  limited  to  about 
100  miles.  While  it  may  not  be  impossible  that  conversation  will  be  carried 
on  across  the  Atlantic,  it  certainly  can  not  be  dotie  over  cables  similar  to 
those  now  in  use  for  the  telegraph. 

******  ^ijj 

The  American  Bell  Telephone  Company  has  been  so  successful  in  holding 
a  monopoly  of  the  telephone  interests,  that  it  has  succeeded  in  educating 
the  public  to  the  belief  that  Alexander  Graham  Bell  was  the  original  in- 
ventor of  the  telephone.  It  is  not  generally  known  that  Dr.  S.  D.  Cusli- 
man,  now  living  at  Chicago  at  the  age  of  seventy  five,  invented,  or  perhaps 
more  properly,  discovered,  a  magneto  speaking  telephone  in  the  year   1851. 

At  that  timeMr.  Cushman  was  engaged  in  building  a  telegraph  line  for 
the  Erie  <fe  Michigan  Telegraph  Company,  in  the  neighborhood  of  Racine, 
Wis.  Thunder  storms  were  fraquent  during  the  summer  of  1851  when  he  was 
thus  engaged,  and  he  devised  a  form  of  lightning  arrester  to  protect  the 
telegraph  instruments.  In  order  to  ascertain  whether  his  lightning  arrester 
performsd  its  work,  he  placed  an  electro  magnet  in  the  circuit  between  the 
line  wire  and  the  ground  and  put  a  piece  of  sheet  iron  over  this  magnet,  not 
quite  touching  it,  and  so  arranged  that  if  the  current  passed  through  the 
electro  magnet,  the  piece  of  sheet  iron  would  be  attracted  and  held  in  place 
by  a  permanent  magnet  arranged  in  connection  with  the  apparatus.  This 
was  practically  a  magneto  telephone,  although  not  devised  for  that  purpose. 
There  were  two  of  these  instruments,  one  at  the  Racine  office  and  one  at 
the  end  of  the  line  in  a  swamp,  some  ten  or  fifteen  miles  distant.  Mr.  Cush- 
man heard  peculiar  noises  coming  from  his  instrument  at  Racine  which 
sounded  like  the  croaking  of  frogs.  On  going  out  one  day  to  the  distant 
end  of  the  line,  signals  were  exchanged  by  tapping  on  the  sheet  iron  with  a 
lead  pencil.  Afterwards  various  sounds  were  transmitted,  and  even  spoken 
words. 

This  was  considered  a  great  cariosity  by  Mr.  Cushman,  but  he  did  not  re- 
alize its  value  and  little  was  done  to  develop  its  use. 

It  is  by  no  means  extraordinary  that  Mr.  Cushman   did  not  push  his  tele- 


The  Electric  Telephone.  73 

phone  invention,  since  few   supposed  it  would  have  any  particular  value;  in- 
deed we  all  know  that  the  telephone  and   phonograph    were   both   classed 
as  equally  worthless  toys  in  the  early  days  of  the  Bell  telephone. 

That  the  telephone  was  not  considered  a  merely  useless  toy  by  all,  is 
shown  by  the  following  translation  from  M.  Chas.  Boursule,  printed  in  Vol. 
XXIV,  of  L'lllustration,  Paris,  Aug.  26th,  1854, 

"We  have  gone  still  further.  By  the  employment  of  the  same  principle, 
and  by  means  of  a  mechanism  rather  complicated,  it  has  been  possible  to 
reach  a  result  which  at  first  would  seem  to  be  almost  a  miracle.  Handwrit- 
ing itself  is  produced  at  a  distance,  and  not  only  handwriting,  but  any  line 
or  any  curve;  so  that,  being  in  Paris,  you  can  draw  a  profile  by  ordinary 
means  there,  and  the  same  profile  draws  itself  at  the  same  time  at  Frank- 
fort. Attempts  of  this  sort  have  succeeded.  The  apparatus  has  been  ex- 
hibited at  the  London  Exhibition.  Some  .details,  however,  remain  to  be 
perfected.  It  would  seem  impossible  to  go  beyond  this  in  the  region  of  the 
marvelous.  Let  us  try  nevertheless  to  go  a  few  steps  further.  1  have 
asked  myself,  for  example,  if  the  spoken  word  itself  could  not  be  trans- 
mitted by  electricity,  in  a  word,  if  what  was  spoken  in  Vienna  may  not  be 
heard  in  Paris?     The  thing  is  practicable  in  this  way:— 

"We  know  that  sounds  are  made  by  vibrations,  and  are  made  sensible  to 
the  ear  by  the  same  vibrations,  which  are  reproduced  by  the  intervening 
medium.  But  the  intensity  of  the  vibrations  diminishes  very  rapidly  with 
the  distance;  so  that  even  with  the  aid  of  speaking  tubes  and  trumpets,  it 
is  impossible  to  exceed  somewhat  narrow  limits.  Suppose  that  a  man 
speaks  near  a  movable  disk,  sufficiently  flexible  to  lose  none  of  the  vibra- 
tions of  the  voice;  that  this  disc  alternately  makes  and  breaks  the  connec- 
tion with  a  battery;  you  may  have  at  a  distance  another  disk  which  will  si- 
multaneously execute  the  same  vibrations.''  ***** 
However  this  may  be,  it  is  certain  that  in  a  more  or  less  distant  future, 
speech  will  be  transmitted  by  electricity." 

As  early  as  1861,  Philipp  Reis,  a  German,  made  a  great  many  experi- 
ments with  his  telephone,  and  endeavored  to  transmit  speech,  but  unsuc- 
cessfuUj'.  He  succeeded  very  well,  however,  in  transmitting  musical  and 
vocal  sounds.  These  interesting  experiments  of  Reis  were  published  in 
Germany  and  were  familiar  to  Prof.  Bell. 

Between  1870   and   1874  Daniel  Drawbaugh,   an    obscure    mechanic    in 
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Pennsylvania,  made  sundry  experiments  with  telephones,  using  pulverized 
carbon  as  a  transmitter,  very  similar  in  design  to  the  one  patented  by  Ber- 
liner. 

It  is  somewhat  curious  that  Elisha  Gray,  of  Chicago,  filed  a  caveat  for  a 
telephone  on  the  same  day,  Feb.  14,  1876,  that  Bell  filed  his  first  applica- 
tion. Indeed  it  is  by  no  means  certain  that  Gray's  caveat  was  not  filed 
earlier  in  the  day  than  Bell's  application. 

Gray  in  his  caveat  claimed  articulate  speech  in  the  following  words:  "It 
is  the  object  of  my  invention  to  transmit  the  tones  of  the  human  voice 
through  a  telegraphic  circuit,  and  reproduce  them  at  the  receiving  end  of 
the  line,  so  that  actual  conversations  can  be  carried  on  by  persons  at  long 
distances  apart."  In  BeWs  first  patent,  no  mention  is  made  of  articulate 
speech.  Furthermore,  in  the  opinion  of  the  United  States  Supreme  Court 
delivered  by  Chief  Justice  Waite  in  the  famous  telephone  cases,  occurs  the 
following: — ''It  is  quite  true  that  when  Bell  applied  for  his  patent,  he  had 
never  actually  transmitted  telegraphically  spoken  words  so  that  they  could 
be  distinctly  heard  and  understood  at  the  receiving  end  of  his  line." 

In  view  of  the  above  mentioned  facts,  Prof.  Bell  cannot  be  considered 
the  original  inventor  of  the  telephone,  although  he  is  entitled  to  credit  for 
pushing  it  into  successful  use. 

The  American  Bell  Telephone  Company  has,  with  admirable  manage- 
ment, hitherto  suppressed  all  competition.  The  number  of  Bell  instru- 
ments  in  use  in  the  United  States  has  reached  the  enormous  number  of 
566,^*00.  The  exchanges  in  his  country  give  employment  to  about  10,000 
persons. 

The  use  of  the  telephone  however,  has  not  nearly  reached  its  limit,  since 
with  the  removal  of  excessive  royalty  charges,  it  will  spread  rapidly  in  fac- 
tories, hotels,  office  buildings  and  residences.  Also  mbuy  small  towns  can 
now  afford  to  have  a  telephone  exchange,  since^they  will  not  have  to  pay 
the  royalty  hitherto  demanded. 
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MAGNETIC  DECLINATION  AND  INSTRUMENTS  USED  FOR 

ITS  MEASUREMENT. 

XoAH  Johnson,  C.  E.  '94. 

It  is  well  known  among  engineers  and  navigators  that  the  deviation  of  the 
magnetic  needle  from  true  north  is  not  only  different,  for  different  localities 
but  varies  from  time  to  time  for  the  same  place.  Ever  since  the  discovery 
of  the  existence  of  these  changes,  which  dates  as  far  back  as  1635,  scientists 
have  been  at  work  investigating  and  establishing  as  far  as  possible  their 
laws.  In  this  country  the  work  has  been  carried  on  chiefly  by  the  Coast 
and  Geodetic  Survey  to  which  we  are  indebted  for  most  of  the  data  anjd  all 
the  systematic  compilation  and  published  results. 

From  a  scientific  point  of  view  the  result  of  these  investigations,  together 
with  those  of  intensity  and  dip^  are  of  great  interest  since  they  contribute 
towards  further  and  more  important  discoveries  in  regard  to  much  magnetic 
and  electrical  phenomena  as  yet  unexplainable.  From  a  practical  side  they 
are  of  importance  not  only  to  the  navigator  who  is  to  a  great  extent  depen- 
dent  upon  the  needle  for  guidance,  but  also  to  the  land  surveyor  who  is  fre- 
quently called  upon  to  retrace  old  lines  originally  established  by  the  mag- 
netic compass. 

To  do  the  latter  intelligently  it  is  essential  to  know  not  only  the  present 
declination,  but  also  the  amount  and  direction  of  annual  change  so  as  to  be 
able  to  compute  what  it  was  at  the  time  of  the  original  survey. 

It  is  obvious  that  to  determine  the  rate  of  change  for  a  certain  locality  it 
is  necessary  to  make  two  or  more  series  of  observations  with  intervals  of 
time  between,  and  even  then  the  law  of  change  will  have  to  be  modified  each 
time  a  new  series  of  observations  is  made,  for  the  secular  variation  may  be 
compared  to  the  oscilations  of  a  pendulum  which  comes  to  rest  momentarily 
at  its  extreme  positions  and  moves  fastest  midway  between  these  points, 
thus  the  secular  change  makes  a  complete  oscilation  in  about  three  centur- 
ies in  this  country.       So,  while  a  great  deal  has  been  done  already  towards 
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the  uafoldiQg  of  these  important  and  universal  laws,  yet  owing  to  the  com- 
paratively brief  time  over  which  the  observations  extend  our  laws  are  as  yet 
very  imperfectly  known  and  are  subject  to  such  modifications  and  correc- 
tions as  further  observations  can  furnish. 

In  selecting  a  point  for  the  observation  of  declination  it  is  of  first  im- 
portance to  have  it  free  from  all  local  attractions  such  as  masses  of  iron, 
water  pipes,  electric  wires,  etc.  The  observer  must  be  careful  that  he  has 
nothing  about  his  person  such  as  jack-knives,  keys,  etc.,  which  will  attract 
the  needle. 

DIAGRAM    SHOWING   DIURNAL   VARIATION   OF   MAGNETIC   DECLINATION. 
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Observations  taken  at  Woodbury  June  20,  1893  with  Compass  Declinometer  No.  744. 

From  the  diagram  it  is  .seen  that  the  declination  does  not  remain  the 
same  throughout  the  day,  but  reaches  a  maximum  eastern  elongation  at  8 
o'clock  in  the  morning  and  a  minimum  at  about  2  o'clock  in  the  afternoon. 
This  curve  is  the  result  of  observations  made  at  Woodbury  triangulation 
point  June  20th,  1893,  with  the  compass  declinometer,  and  while  this  instru- 
ment is  not  one  of  extreme  accuracy,  yet  it  exhibits  here  the  typical  diurnal 
curve. 

It  is  customary  to  observe  only  at  the  maximum  and  minimum  periods  of 
the  day  and  take  the  average,  which  is  generally  within  half  a  minute  of 
the  mean  of  the  whole  day. 

In  September,  1877,  the  U.  S.  Coast  and  Geodetic  Survey  conducted  ob- 
servations for  declination  at  the  University  azimuth  station,  and  it  was 
found  to  be  10*^  13.4'  E.  In  August,  1891,  it  was  again  observed  and  found 
to  be  9*^  5',  showing  a  decrease  of  4.886  per   year  between   1888  and   1891. 
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In  April,  1894,  a  third  series  was  made.  The  University  station 
being  supposed  to  be  affected  by  local  attraction,  a  point  was  chosen 
on  the  university  farm  having  a  longitude  of  3*  20"  less  than  the 
old  station.  The  results  here  showed  a  declination  of  8**  58.4:'.  Add- 
ing 8.3,  to  this  to  reduce  it  to  the  old  station  since  declination  increases 
about  one  minute  for  each  minute  increase  of  longitude  in  this  locality,  we 
have  a  declination  of  8^  56.7'.  This  shows  an  annual  decrease  of  3.32'  for 
this  period  of  time,  and  seems  to  indicate  that  the  declination  is  changing 
much  slower  now  than  during  the  first  period.  It  is  not  altogether  improb- 
able, however,  that  the  observations  of  1891  were  effected  by  local  attraction. 

For  the  purpose  of  carrying  on  these  investigations  of  the  magnetic  dec- 
lination as  well  as  dip  and  intensity,  different  forms  of  instruments  have 
been  contrived,  of  which  the  best  and  only  independent  one  is  the  magnet- 
ometer. This  instrument  is  the  one  adopted  by  the  Coast  Survey  and  is  so 
constructed  that  the  index  errors  can  be  elinrinated  and  constants  deter- 
mined by  independent  means.  The  magnet  bar  is  suspended  by  a  silk  fiber 
and  is  therefore  not  subject  to  the  friction  and  irregularities  of  a  pivot  and 
socket,  but  will  continue  to  oscilate  for  a  long  time  after  being  disturbed, 
and  in  fact  is  never  found  to  be  stationary,  hence  the  two  extreme  positions 
are  read  and  averaged  for  the  center.  Yery  close  work  can  be  done  with  this 
instrument  provided  all  the  torsion  of  the  fiber  has  been  removed. 

Any  instrument  having  a  magnetic  needle  may  be  used  for  determining 
declination  after  the  index  error,  which  all  such  instruments  have,  has  been 
ascertained  by  comparisons  with  the  magnetometer.  The  reliability  and 
accuracy  of  the  results  will  vary  with  the  grade  of  instrument  and  delicacy 
of  suspension  of  the  needle. 

In  this  connection  an  investigation  was  made  of  all  the  important  instru- 
ments of  this  class  belonging  to  the  department  of  civil  engineering,  with  a 
view  of  ascertaining  the  probable  error  of  the  settling  of  the  needle  for 
each,  and  their  relative  values  for  this  kind  of  work.  Among  the  instru- 
ments examined  there  were  two  which  were  especially  designed  for  this 
class  of  work, —the  compass  declinometer,  the  property  of  the  U.  S.  Coast 
and  Geodetic  Survey,  and  the  Bamberg  instrument  imported  from  Ger- 
many in  the  fall  of  '93  by  the  university. 

The  following  table  gives  the  number  of  observations  made   with  each, 
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the  probable  error  in   minutes  o£  one   settling,   and  the   value  of  each  in- 
strument, calling  the  value  of  the  Bamberg  unity. 


Instrument. 

Number  of 

Probable 

Value. 

observations. 

error  of  one 
observation. 

No.  1.    Bamberg. 

135 

.45 

1.0 

2.     Compass  Declinometer. 

24 

2.8 

.026 

3.    Young  &  Sons  transit. 

20 

1.15 

.15 

4.    Plane  table  needle. 

20 

.74 

.4 

•  5.     Gradientor  Needle. 

20 

1.21 

.14 

6.     Heller  and  Brightly  transit. 

23 

1.2 

.14 

From  the  way  the  declinometer  needle  behaves  at  times  it  is  supposed  to 
have  som?  irregularity  about  its  cavity,  and  is  rendered  almost  unfit  for  ser- 
vice on  this  account. 

In  conclusion  it  may  bo  said  that  sufficient  accuracy  can  be  easily  gained 
in  retracing  magnetic  lines  with  such  instruments  as  number  three  or  six 
of  the  table. 

To  furnish  such  reliable  declination  throughout  the  state  is  the  object  of 
the  systematic  magnetic  survey  now  being  prosecuted  by  Professor  Hoag, 
which  survey  is  maintained  by  the  joint  support  of  the  U.  S.  Coast  and 
Geodetic  Survey  and  the  Geological  and  Natural  History  Survey  which  is 
under  the  control  of  the  Regents  of  the  University  of  Minnesota. 
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THE  MINIXa   OF  NATIVE  COPPER    AND   ITS   MANUFAC- 
TURE IN  THE    LAKE    SUPERIOR  REGION. 

Arthur  Edwin  Haywes. 
Asst.  Prof,  of  Mathematics. 
(Abstract.) 

The  author  emphasized  that  he  did  not  write  as  a  mining  engineer  but  as 
one  who,  through  the  kindly  and  highly  appreciated  courtesy  of  enejineers, 
mine  superintendents,  captains,  etc.,  of  certain  mines  in  the  copper  region 
of  Lake  Superior,  had  seen  much  to  interest  him  in  the  work  of  mining  and 
manutactunng  copper. 

Copper  occurs  as  native  copper  sometimes  carrying  silver.  It  is  bedded  in 
the  rock  in  three  ways: 

1.  In  veins  filling  fissures,  as  in  the  Phoenix  and  Cliff  mines. 

2.  In  "amygdules"  or  masses,  as  in  the  Atlantic  and  the  Quincy  mines. 

3.  In  the  cement  uniting  pieces  of  rock,  as  in  the  Calumet  and  Hecla 
and  Tamarack  mines  where  the  rock  is  called  "Calumet  conglomerate.'" 

The  dressing  of  the  copper  bearing  rock  usually  requires  the  use  of  a 
stamp  mill.  Exceptions  are  where  the  masses  are  large  and  can  be  easily 
freed  from  the  attached  rock  in  which  case  they  are  sent  directly  to  the 
smelting  furnaces.  Masses  of  copper  of  great  size  are  sometimes  found.  In 
the  Quincy  mine  they  have  reached  the  size  of  100  tons.  Some  years  ago  in 
the  Minnesota  mine  in  Ontanagon  county  a  single  mass  was  discovered  con- 
taining 500  tons  of  copper.  It  was  so  large  that  it  had  to  be  cut  with  "cape 
chisels,"  a  process  taking  nearly  a  year's  time.  Several  theories  have  been 
advanced  to  explain  the  deposition  of  copper  in  the  three  ways  named.  The 
one  pieferred  by  the  writer  is  that  of  Director  Wadsworth  of  the  Michigan 
Mining  School.  The  following  quotation  taken  from  the  writings  of  Direc- 
tor Wadsworth  states  his  theory  concisely:  "That  the  copper  was  deposited 
from  water,  with  or  without  electro-chemical  action,  is  shown  by  the  fact  of 
its  being  found  inclosed  entirely  in  minerals  known  to  be  formed  by  water 
only;  also  by  its  enclosing  such  minerals;  by  its  being  found  in  digconnect- 
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ed  or  isolated  masses  in  the  lavas  and  elsewhere  and  by  its  greater  abun- 
dance where  there  are  to  be  seen  the  most  signs  of  water  action.  Had  the 
copper  been  deposited  by  igneous  agencies,  it  would  have  had  a  channel  or 
line  of  passage,  and  been  continuous  along  that  line  of  passage  while  all  the 
different  masses  would  have  been  connected  together  downward,  unless  sep- 
arated by  fractures  or  faults." 

Three  things  are  especially  noticeable  in  .this  mining  region:  First,  the 
magnitude  of  the  mining  operations;  second,  the  amount  of  annual  product, 
and  third,  the  great  depth  the  mines  have  reached.  As  an  example  the 
writer  instances  first  the  engines  of  Calumet  and  Hecla  Mining  Company 
aggregate  40,000  H.P.  one  engine  alone,  the  Superior,  being  4700  H.  P. 

The  great  pumping  engine,  the  Michigan,  at  the  Stamp  mills  on  Torch 
Lake  has  a  capacity  of  60,000,000  gallons  daily.  The  Company  uses  50,000 
pounds  of  dynamite  per  month  and  1,000,000  tons  of  rock  are  stamped  an- 
nually. This  Company  produced  over  80,000  pounds  of  refined  copper  in 
the  year  closing  April  30th,  1893,  its  total  product  to  date  is  nearly  400,- 
000  tons  and  it  has  paid  in  dividends  about  $40,000,000  in  the  last  twenty- 
five  years.  The  Calumet  and  Hecla  mine  has  reached  a  depth  of  8750  feet 
on  a  slope  of  37|  per  cent.  A  shaft  now  being  sunk  will  reach  4500  feet,  it 
being  already  over  3,000  feet  in  depth.  The  Tamarack  mine  has  two  verti- 
cal shafts  of  over  3,000  feet  depth  each. 

The  method  of  dressing  the  copper  hearing  rock  is  then  discussed.  Be- 
ing brought  to  tlie  surface  it  is  crushed  into  pieces,  ranging  from  one  to 
four  inches  in  diameter,  and  sent  to  the  stamp  mill.  Here  it  is  delivered 
to  large  bins  from  an  elevated  trestle  from  which  it  is  fed  automatically 
under  the  foot  of  the  stamp.  The  stamp  weighs  about  five  tons,  moves 
twenty-two  feet  per  second  and  strikes  one  hundred  times  per  minute.  A 
stream  of  water  of  about  three  inches  in  diameter  runs  under  the  stamp  and 
carries  away  the  stamped  rock  and  copper  to  sloping  inclines  called  jiggers 
where  by  constant  shaking  the  copper  is  separated  by  gravity  from  the  rock. 
The  fine  copper  held  in  suspension  is  finally  carried  to  revolving  slime 
tables  where  it  is  collected.  The  material  too  low'in  value  for  treatment  is 
ebvated  by  immense  sand  wheels,  fifty  feet  in  diameter,  and  poured  into  a 
chute  and  thus  carried  into  the  lake.  To  give  an  idea  of  the  extent  of  the 
mining  operations  conducted  by  the  Calumet  and  Hecla  Mining  Companies 
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it  was  noted  that  this  waste  material  of  the  two  mines   in   operation   in  SqI 
days  would  cover  100  acres  of  ground  to  the  depth  of  five  feet. 

The  waste  in  the  operation  of  extracting  the  copper  from  the  rock  is  only 
four-tenths  of  one  per  cent.  The  stamped  copper,  together  with  the  mass 
copper  extracted  from  the  mine,  is  smelted.  During  the  processes  of  rab- 
bling and  poling  the  copper  is  refined.  When  these  processes  are  com- 
plete the  copper  is  ladled  into  moulds  of  various  forms  such  as  ingots  or 
cakes  in  which  forms  it  is  shipped.  A  large  amount  of  the  copper  of  this 
region  is  manufactured  into  wire  and  sheet  copper  in  the  near  vicinitj', 
Dollar  bay^  on  Portage  lake.  Shaft  No.  1  of  the  Tamarack  mine  was  begun 
February,  1882.  June  20,  ]885,  at  the  depth  of  2770  feet  the  Calumet  lode 
was  struck.  This  shaft  cost  $500,000  before  copper  was  found  in  paying 
quantities.  At  the  present  time  about  $1,000,000  in  dividends  has  been 
paid.  The  shaft  is  now  over  3,000  feet  deep.  It  has  passed  entirely  through 
the  Calumet  lode  since  that  lode  slopes  at  an  angle  of  37^  per  cent.  The 
lode  is  reached  on  various  levels  by  cross  cuts. 

The  writer  emphasized  the  remarkable  accuracy  of  the  underground  sur- 
veying of  the  mining  engineers  who  have  had  these  mines  in  charge.  He 
also  called  attention  to  some  instances  of  remarkable  mechanical  engineer- 
ing exhibited  in  the  mining  operations. 

The  descent  into  a  mine  was  then  described.  Attention  was  called  to  an 
ingenious  device  for  getting  into  and  out  of  a  mine  seen  at  the  Quincy  and 
called  a  "man-engine,"  a  piece  of  machinery  which  can  not  well  be  de- 
scribed. An  aneroid  barometer  carried  in  the  hand  during  the  descent  and 
ascent  would  show  the  progress  made  by  its  rapidly  moving  needle. 
Even  the  ear  drums,  as  they  are  compressed  and  released  from  pressure, 
painfully  emphasize  to  the  visitor  the  rapid  progress  of  his  journey.  The 
cars  run  up  and  down  this  shaft  at  a  surprising  speed;  only  45  seconds  is 
sometimes  used  in  making  the  descent  of  three-fifths  of  a  mile,  a  rate  only 
about  one-third  that  of  a  stone  falling  down  the  shaft. 

The  temperature  in  the  mines  does  not  follow  the  law  of  increase  some- 
times seen,  for  it  remains  nearly  constant  at  about  70*^  Fahr. 

The  timbering  of  mines  was  next  described.  Pine  and  hemlock  are  the 
two  woods  used.  Trees  from  2  to  4  feet  in  diameter  are  selected,  cut  to  the 
length  that  will  fit  between  the  "hanging"  and  "foot"  walls  at  right  angles 
to  their  surfaces;  thus  the  hanging  wall  is  kept  from  crushing  in  and  clos- 
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ing  the  mines.  Timbering  mines  is  necessary  in  working  the  conglomerate 
rock.  The  timbering  of  the  Tamarack  mine  consists  of  rough  logs  while 
that  of  the  Calumet  and  Hecla  is  of  logs  squared  by  sawing.  An  idea  of 
the  extent  of  timbering  in  the  Tamarack  mine  was  given  by  citing  that 
about  5,000  logs  from  18  to  27  feet  in  length  were  used  per  month. 

Mines  in  the  amygdaloid  rock  do  not  require  timbering  since  the  rock  of 
the  hanging  wall  is  sufficiently  tenacious  to  hold  its  weight. 

Machine  drills  and  dynamite  are  employed  to  loosen  the  copper  bearing 
rock.  Compressed  air  is  the  motive  power  for  the  drills  and  also  assists  in 
working  the  ventilating  machinery.  The  diamond  drill  is  used  for  explor- 
ing in  vertical  and  horizontal  directions.  The  core  of  rock  obtained  from 
this  machine  furnishes  accurate  information  with  regard  to  the  material 
through  which  the  drill  is  passing.  At  noon  the  blasts  are  generally  fired 
and  the  concussion  is  so  great  that  often  lights  are  extinguished  at  long 
distances  away.  The  aneroid  barometer  shows  easily  the  pressure  on  the 
air  caused  by  the  heavy  blasts.  20  to  50  tons  of  rock  are  often  brought 
down  by  these  blasts  and  great  damage  is  done  to  the  timbers  by  flying 
pieces  of  rock.  Accidents  are  very  rarely  traced  to  the  handling  of  dyna- 
mite although  80,000  pounds  per  month  of  this  explosive  is  used  in  the 
working  of  one  of  the  mines.  According  to  the  report  of  the  mine  inspec- 
tor of  Houghton  county  in  1892  over  7500  men  were  employed  in  the  cop- 
per mines  and  less  than  one  in  a  thousand  were  killed.  In  all  but  one  of 
the  cases  on  record  carelessness  in  the  use  of  dynamite  was  the  cause  of 
death. 


A  Study  of  Arc  Lamps.  88 


A  STUDY  OF  ARC  LAMPS 
Geo.  D.  Shepabdson,  M.  E.,  Professor  of  Electrical  Engineering. 

The  arc  light  furnishes  a  most  interesting  field  for  investigation.  Con 
sidering  the  arc  from  the  physical  standpoint  there  are  many  problems  well 
worth  months  or  years  of  study.  The  same  thing  may  be  said  of 
the  action  of  the  lamp  considered  as  a  mechanism.  The  theory  of  the  arc 
lamp  has  been  developed  and  published  to  some  extent,  but  it  must  be  said 
that  a  vast  amount  of  information  has  been  obtained  by  manufacturers,  cen- 
tral station  operators  aud  wiremen  who  keep  the  results  of  valuable  experi- 
ence to  themselves  or  communicate  it  only  to  their  fellow  workmen.  Many 
points  in  connection  with  the  operation  of  lamps  under  different  circum- 
stances are  well  known  in  a  general  way,  but  detailed  information  is  diffi- 
cult to  obtain.  Much  of  the  data  desired  could  easily  be  obtained 
by  the  judicious  use  of  an  ammeter,  voltmeter  and  watch.  The  scarcity  of 
curves  or  tables  giving  accurate  and  detailed  information  about  the  action 
of  arc  lamps  is  undoubtedly  due  to  the  lack  of  interest  or  knowledge  on  the 
part  of  those  who  have  the  necessary  facilities  and  the  lack  of  opportunity 
with  those  who  have  the  interest.  A  variety  of  investigations  have 
been  carried  on  during  the  year  in  the  electrical  laboratories  of  the  Uni- 
versity of  Minnesota,  some  of  which  suggest  fruitful  fields  for  future  theses 
or  other  special  studies.  In  order  to  arouse  further  interest  on  the  part  of 
others  and  to  present  to  the  public  some  information  which  seems  difficult 
to  obtain  from  technical  literature  up  to  the  present  time,  it  has  been 
thought  desirable  to  present  some  of  the  results  obtained  from  a  series  of 
experiments  by  two  advanced  special  students  in  this  department. 

The  curves  presented  are  taken  from  experiments  upon  a  number  of  arc 
lamps  by  Messrs.  Scofield  and  Lackore.  The  lamps  under  investigation  in- 
clude the  Thomson-Rice,  Thomson  ribbon  feed,  Waterhouse  &  Gamble, 
Wood,  Kester  and  Ward  lamps.  The  Ward  alternating  current  lamp,  the 
Brash,  Clarke  and  Standard  were  not  included  in  these  experiments,  since 
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they  were  added  at  a  later  period.  From  these  tests  the  curves  of  three 
lamps  were  selected  as  illustrating  in  a  marked  way  some  peculiarities  of 
lamps  under  different  conditions.  The  two  differential  lamps  represent  a 
large  group  of  lamps  in  which  the  series  coil  carrying  the  total  current 
tends  to'separate  the  carbon  points  while  the  shunt  coil  tends  to  approximate 
them.  The  shunt  lamp  is  of  a  well  known  type  that  is  extensively  used.  In 
this  lamp  the  regulation  is  effected  entirely  by  means  of  the  shunt  coil,  the 
series  coil  being  cut  out  of  the  circuit  as  soon  as  the  lamp  begins  to  oper- 
ate. Each  of  the  three  lamps  selected  is  of  well  known  make  and  is  ex- 
tensively used.  Each  lamp  had  been  previously  used  to  a  considerable  ex. 
tent  by  the  students  in  the  laboratory,  and  may  not  liave  been  in  the  best 
possible  condition  or  adjustment.  It  is  safe  to  presume,  however,  that  they 
were  in  at  least  as  good  condition  as  the  average  lamps  upon  the  com- 
mercial or  street  circuits. 

The  curves  in  Plate  I  are  selected  from  those  of  a  number  of  lamps  op- 
erated in  series  on  the  circuit  of  the  Thomson-Houston  arc  machine  which 
maintained  the  current  very  constant.  Each  lamp  was  adjusted  so  as  to 
keep  the  voltage  as  constant  as  possible  with  a  current  of  6.8  amperes. 
In  order  to  take  readings  from  the  different  lamps  as  quickly  as  possible, 
the  terminals  of  each  lamp  were  connected  to  a  multiple-point  double  pole 
switch  so  that  by  moving  the  switch  from  point  to  point  the  voltmeter  was 
connected  with  each  lamp  successively.  One  observer  would  operate  the 
switch  and  read  the  voltmeter,  while  the  other  recorded  the  readings.  In 
this  way  the  readings  were  taken  at  intervals  of  less  than  five  seconds,  so 
that  the  variation  of  voltage  of  each  of  the  six  lamps  could  be  read  at  in- 
tervals of  one-half  minute.  The  curves  in  Plate  I  are  plotted  from  these 
half  minute  readings  on  three  of  the  lamps,  the  ordinates  representing 
volts  and  the  abscissae  representing  time.  The  curves,  therefore,  simply 
connect  the  half  minute  readings  and  do  not  strictly  show  what  would  be 
given  by  a  continuously  recording  voltmeter.  The  readings  are  close  enough 
together,  however,  to  rex)resent  the  actual  operation  of  the  lamp  within  a 
close  degree  of  accuracy.  The  curves  on  Plate  II  are  plotted  from  ob- 
servations taken  at  intervals  of  only  ten  seconds  so  that  the  greater 
fluctuations  in  Plate  II  are  partly  due  to  the  larger  scale  of  the  time  or 
dinates.  Readings  on  each  lamp  were  taken  at  half  minute  intervals  for 
thirty  minutes  while  the  current  was  maintained  constant   at  6.5  amperes. 
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The  dyuamo  was  then  regulated  for  5.9  amperes  and  a  similar  set  of  read- 
ings taken  over  a  period  of  thirty  minutes.  The  current  was  next  increased 
to  6.3  and  then  to  6.8  amperes.  The  current  was  afterwards  increased  to 
7.3  amperes,  but  the  readings  were  taken  before  the  lamp  coils  and  the 
carbons  had  become  heated  to  their  normal  temperature;  consequently  that 
portion  of  the  curves  is  not  strictly  comparable  with  the  others  and  is 
therefore  omitted.  In  the  Plate  the  successive  portions  of  the  curves  are 
left  detached  in  order  to  avoid  confusion. 

In  the  curves  for  the  differential  lamps  it  is  interesting  to  note  how  the 
voltage  rises  with  each  increase  of  the  current,  this  being  due  to  the  fact 
that  the  series  coil  carrying  the  total  current  tends  to  separate  the  carbons. 
The  increased  force  of  the  series  coils  and  the  consequent  tendency  to 
lengthen  the  arc  is  partially  compensated  by  the  resulting  increase  of  the 
difference  of  potential  around  the  arc  which  causes  a  greater  cur- 
rent to  flow  through  the  shunt  coil.  The  increased  strength  of  the 
shunt  coil  tends  to  draw  the  carbons  together,  and  to  some  ex- 
tent balance  the  greater  pull  of  the  series  coils.  This  compensating 
action  is  further  complicated  by  the  fact  that  with  the  carbons  separated 
a  definite  distance  and  the  arc  of  definite  length,  the  resistance  of  the 
arc  and  the  consequent  difference  of  potential  around  it  are  inversely  pro- 
portional to  the  area  of  the  arc,  which  again  increases  directly  with  the 
strength  of  the  current. 

It  is  also  interesting  to  note  how  much  more  closely  the  lamp  regulates 
with  the  higher  currents.  This  may  be  due  to  the  fact  that  the  force  ne- 
cessary to  operate  the  mechanism  of  the  lamp  is  comparatively  constant 
while  the  operating  forces,  viz.:  the  electro-magnets,  depend  upon  the 
strength  of  the  currents  in  the  series  and  shunt  coils.  We  note,  therefore, 
that  with  small  currents  the  action  of  the  lamp  is  much  more  irregular  and 
the  system  unbalanced,  while  with  the  higher  current  and  voltage,  the  feed- 
ing is  more  uniform. 

In  the  case  of  the  shunt  lamp  the  series  coil  is  absent  and  therefore  does 
not  introduce  a  variable  factor  on  account  of  the  changes  in  the  strength  of 
the  main  current.  The  voltage  is  consequently  much  more  uniform,  as  shown 
by  the  curve  for  the  shunt  lamp  in  Plate  I.  The  carbons  used  in  the  shunt 
lamp  happened  to  be  somewhat  shorter  than  those  used  in  the  other  lamps. 
The  carbons  also  burned  out  faster  on  account  of  the  higher  potential  of  the 
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shunt  lamp  durino-  nlost  of  the  run,  consequently  the  weight  of  the  carbons 
decrease  in  a  faster  ratio  on  the  shunt  lamp  than  on  the  differential.  This 
would  account  for  part  of  the  gradual  rise  in  the  potential.  In  the  shunt 
lamp  the  average  voltage  varies  from  53.7  volts  with  5.5  amperes  to  54.5 
volts  with  6.8  amperes  while  in  the  differential  lamp,  shown  in  the  lower 
curve,  the  voltage  varies  from  35.8  volts  with  5.5  amperes  to  58.7  volts  with 
6.8  amperes.  The  shunt  lamp  therefore  is  much  more  independent  of 
changes  in  the  current  strength  than  the  difPerential  lamp.  It  naturally 
follows  that  when  shunt  lamps  are  used  on  arc  circuits,  close  regulation  of 
the  dynamo  is  not  so  essential  as  with  the  differential  lamps. 

Plate  II.  gives  the  curves  from  simultaneous  readings  of  the  current  and 
potential  on  the  same  three  lamps  on  a  constant  potential  circuit.  Each 
lamp  was  connected  in  series  with  an  adjustable  resistance  and  connected 
across  the  terminals  of  the  compound  wound  Edison  dynamo  which  main- 
tained constant  potential  upon  the  line.  The  lamps  were  taken  as  they  had 
been  left  by  previous  experimenters  and  were  not  especially  adjusted  for  the 
experiments.  No  great  care  was  taken  in  determining  the  proper  resistance 
necessary  for  the  best  operation  of  the  lamp,  so  that  too  much  weight  must 
not  be  given  to  the  curves  in  Plate  II  as  comparing  the  relative  advantages 
of  shunt  and  difPerential  lamps.  The  principal  value  of  the  curves  is  for 
showing  the  intimate  relationship  between  the  current  and  potential  taken 
by  lamps  in  series  with   a  dead   resistance   on  constant  potential  circuits. 

The  fact  also  appears  that  the  curves  of  the  amperes  and  volts  are 
nearly  exact  counterparts  of  each  other,  the  current  decreasing  as  the  poten- 
tial increases  and  vice  versa.  This  naturally  follows  from  Ohm.'s  Law. 
The  readings  for  the  upper  two  pairs  of  curves  in  Plate  II  weie  evidently 
taken  as  soon  as  the  lamps  were  lit.  It  is  interesting  to  note  how  the  volt- 
age gradually  rises  as  the  carbons  and  magnets  become  heated. 

It  is  to  be  noted  also  that  the  fluctuations  are  more  violent  on  the  difPer- 
ential lamps  than  on  the  shunt.  This  is  to  be  expected  from  reasoning  simi- 
lar to  that  applied  to  lamps  on  "constant  current"  circuits.  On  the  other 
hand  one  would  expect  that  the  difiierential  lamp  would  maintain  the  arc  of 
more  constant  length  than  the  shunt  lamp  for  the  reason  that  as  the  carbons 
burn  away,  the  strength  of  the  shunt  coil  becomes  greater  and  the  series  coil 
weaker,  both  tending  to  make  the  carbons  feed  together  again.  The  curves 
for    the    differential    lamp    show    that    they    do   work  together  and   vig- 
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orously.  It  would  appear  therefore  that  for  a  single  lamp  across  a  constant 
potential  circuit,  a  shunt  lamp  would  regulate  more  closely  and  give  more 
satisfactory  light  than  the  differential  lamp. 

It  would  be  valuable  to  compare  the  regulation  of  a  shunt  lamp  and 
series  lamp,  each  in  series  with  a  dead  resistance  and  connected  to  a  con- 
stant potential  circuit.  Another  interesting  study  would  be  the  action  of 
two  or  more  lamps  of  the  same  kind  in  series  across  a  constant  potential 
circuit.  In  this  case  simultaneous  readings  of  the  potential  at  each  lamp 
and  the  current  through  the  group  would  give  interesting  curves.  Other 
problems  would  be  to  determine  the  precise  effect  of  varying  the  potential 
on  the  main  line,  of  changing  the  dead  resistance  in  series  with  the  lamps; 
also  of  changing  the  adjustment  of  the  springs  or  levers  in  the  lamps  them- 
selves. These  are  only  a  few  of.  the  many  problems  that  have  suggested 
themselves.  That  the  presentation  and  discussion  of  these  curves  may 
serve  to  arouse  a  deeper  interest  in  the  precise  study  of  arc  lamps  and  to 
induce  others  to  communicate  the  results  of  their  own  investigations  is  the 
earnest  wish  of  the  writer. 
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ELECTRIC  WELDING. 

Harry  D.  Lackoije. 

Electric  Welding  has  already  been  shown  to  be  of  great  commercial  value 
in  every  branch  of  manufacture  to  which  welding  is  applicable,  and  is  fast 
superseding  the  old  method. 

Wilde  discovered  this  important  application  of  electricity  over  a  quarter 
of  a  century  ago,  it  being  expressly  stated  in  his  English  patent,  number 
1412  in  1865,  concerning  his  dynamo  machine  and  its  application  to  welding. 
He  does  not  however  seem  to  have  put  it  to  practical  use. 

To  Prof.  Elihu  Thomson  belongs  the  distinction  of  producing  electric 
welding  apparatus  for  commercial  use.  He  discovered  the  process  independ- 
ently of  Wilde,  while  lecturing  before  the  Franklin  Institute  several  years 
ago,  by  the  accidental  melting  together  of  the  large  wires  of  an  induction 
coil. 

In  the  simple  process  of  electric  welding  brought  out  by  Professor  Thom- 
son, the  materials  to  be  welded  are  held  in  suitable  clamps  to  which  the  ter- 
minals of  the  generator  are  attached;  the  surfaces  to  be  welded  are  brought 
into  contact,  and  a  current  of  large  volume  is  passed  through  the  pieces. 
As  the  resistance  of  the  joint  is  comparatively  high,  heating  takes  j)lace 
here  and  is  further  increased,  because  the  resistance  of  the  heated  metal  is 
greater  than  before.  The  current  is  gradually  increased  until  a  temperature 
is  reached  at  which  the  metal  softens;  the  current  is  then  shut  off  and  the 
clamps  are  pressed  together  by  a  lever,  hydraulic  press  or  electro-magnet,  to 
make  a  good  metallic  union;  the  article  is  withdrawn  from  the  clamps  and 
the  burr  reduced  as  in  ordinary  welding. 

The  principle  upon  which  the  process  is  based  is  as  follows:  The  total 
amount  of  mechanical  work  done  by  current  (C)  in  passing  through  a  re- 
sistance (R)  during  the  time  (T)  is=E.C2T  and  the  equivalenc  amount  of 
heat  (H)  obtained  by  dividing  the  expression  by  the  mechanical  equivalent 
of  heat  (J)  thud 
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Among  the  many  advantages  of  the  electric  weld  is  the  simple  mechanical 
process,  requiring  very  little  skill  of  the  operator  in  comparison  with  that 
of  the  hand  and  eye  for  ordinary  fire  welding;  the  operator  need  only  un- 
derstand the  proper  color  of  the  welding  heat  of  the  metal  he  is  working, 
which  is  readily  learned.  The  work  is  in  full  view  and  is  not  moved  dur- 
ing the  operation,  except  to  remove  and  reduce  the  burr  at  the  weld,  this 
beinir  done  with  the  same  heat  as  the  weld. 

Enormous  currents  are  used  but  with  so  small  a  potential  (^  volt)  that 
there  is  no  possible  danger  to  the  operator,  and  it  is  not  capable  of  giving 
any  sensation  to  a  person. 

There  is  no  unnecessary  waste  of  fuel  as  the  heating  is  local  and  do3S  not 
extend  far  from  the  weld .  This  has  been  illustrated  as  follows:  Cotton 
covered  wire  one-fourth  inch  in  diameter  can  be  welded  without  searing 
the  insulation  more  than  three-quarters  of  an  inch  from  the  weld.  Pro- 
fessor Thomson  has  passed  a  piece  of  iron  through  a  hole  in  a  flat  piece  of 
wood,  and  then  raised  a  burr  on  the  iron  on  each  side  of  the  wood  without 
charring  the  wood. 

The  time  required  to  make  a  weld  varies  according  to  size  of  work,  from 
p,  fraction  of  a  second  to  about  two  minutes.  It  is  not  necessary  to  have 
engine  capacity  equal  to  the  maximum  power  required,  for  the  time  is  so 
short  that  the  momentum  of  a  fly  wheel  will  give  surplus  energy  the  same 
as  in  a  drop  press. 

The  first  commercial  use  of  welding  by  this  process  was  in  July,  1888, 
when  the  Thomson  Electric  Welding  Company  installed  a  plant  for  John 
A.  Roebling's  Sons  Co.,  at  Trenton,  N.  J. 

Professor  Thomson  has  successfully  used  current  from  continuous,  alter- 
nating and  unipolar  machines  and  secondary  batteries.  Alternating  cur- 
rents may  be  economically  produced  in  large  volume  at  ^ow  E.  M.  F.,  being 
easily  controlled  and  allowing  of  being  distributed  at  a  high  pressure  and 
small  current  wherever  needed.  They  have  another  beneficial  effect  which 
is  of  importance  in  all  welds  of  large  cross  section.  With  a  continuous  cur- 
rent the  center  will  become  overheated  before  the  outside  comes  to  a  weld- 
ing heat;  this  is  due  to  the  outer  part  being  exposed  to  radiation  which 
keeps  down  the  temperature.     On  the  other  hand  it  is  true  that  the  heating 
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of  the  metal  increases  the  resistance  and  thus  tends  to  equalize  the  temper- 
ature, but  not  enough  in  all  cases.  When  the  alternating  current  is  used 
the  effect  of  self-induction  is  very  marked  and  has  a  tendency  to  concentrate 
the  heat  at  the  surface. 

Prof.  Thomson  has  two  methods  or  form  of  welders  which  he  calls  the 
Direct  and  Indirect  Systems. 

In  the  Direct  System  the  dynamo  armature  contains  two  windings,  one 
of  fine  wire  in  series  with  the  field  magnet  coils,  the  other  being  simply  a 
bar  of  copper  in  the  form  of  a  letter  U  nearly  surrounding  the  armature 
core.  This  bar,  having  a  very  low  resistance,  safely  carries  a  current  suf- 
ficient for  welding  purposes,  the  terminals  being  attached  directly  to  the 
clamps  of  the  welder.  It  is  impracticable  and  undesirable  to  change  the 
welding  current  suddenly  or  by  switches.  This  is  effected  by  a  set  of 
resistance  coils  placed  in  the  circuit  which  passes  around  the  field  magnets. 
By  putting  in  more  or  less  of  the  resistance  coils  the  strength  of  the  mag- 
nets is  varied  and  the  welding  current  altered  accordingly. 

In  the  Indirect  System  which  is  more  convenient  for  large  work  or  where 
a  number  of  welders  are  operated  by  one  dynamo,  the  welding  current  is 
produced  by  the  conversion  of  a  comparatively  small  current  of  high  ten- 
sion to  a  large  current  of  low  tension  by  means  of  an  inverted  induction  coil 
or  transformer.  The  dynamo  current  is  conducted  through  many  turns 
of  fine  wire  around  a  soft  iron  ring  and  upon  this  same  ring  is  a  single  turn 
of  a  large  copper  bar  in  which  the  welding  current  is  produced  by  induc- 
tion. 

These  currents  receive  from  4,000  to  15,000  alternations  per  minute;  and 
the  amount  of  the  secondary  or  welding  current  is  controlled  by  varying  the 
current  in  the  primary  coil  by  means  of  a  variable  resistance  or  choke  coil. 

There  are  two  other  processes  which  are  in  every  day  practical  use.  The 
first  is  that  of  the  C.  L.  Coffin,  who  conceived  the  idea  of  placing  carbon 
pencils  on  the  clamps  of  the  machine  above  and  below  the  material  to  be 
welded,  and  making  an  electric  arc  between  them.  In  the  base  of  the 
clamps  are  located  electro-magnets,  which  (when  the  material  has  reached 
the  proper  welding  heat  and  the  current  cutoff  from  the  carbons)  are  thrown 
into  the  circuit  and  cause  the  pieces  of  material  to  be  pressed  together 
steadily.  At  the  same  time  the  carbons  recede  and  when  the  pressure  has 
been  applied  enough,  the  switch  is  moved  one  more  point  and  a  small  anvil 
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moves  forward  under  the  work  and  an  electric  hammer   is  put  in  motion  to 
reduce  the  burr. 

Mr.  Coffin  has  several  modifications  of  this  method  of  heating  the  point 
of  contact  or  heating  the  surfaces  to  be  welded,  by  application  of  an  electric 
arc  formed  between  two  converging  carbon  pencils.  To  this  machine  he 
has  attached  an  ingenious  device  for  directing  the  arc  upon  the  work.  He 
found  by  placing  a  magnet  near  the  arc  that  the  arc  would  be  repelled,  and 
the  magnet  would  act  virtually  as  a  blowpipe  to  a  flame.  Applying  this  to 
the  welder  with  converging  carbons  he  was  able  to  throw  the  arc  down  up- 
on the  work.  He  claims  also  that  the  magnet  increases  the  electrical  resis- 
tance of  the  joint. 

Another  point  discovered  by  Mr.  Coffin  is  that,  during  the  operation 
of  welding,  if  the  pressure  is  stopped  and  a  slight  tension  applied  with  care 
not  to  rupture  the  weld,  that  the  electrical  resistance  and  consequently  the 
heating  effect  is  increased.  This  force  is  applied  only  a  short  time  and  then 
the  weld  is  finished  in  the  usual  manner. 

In  the  Bernardos  System  of  welding  the  positive  pole  of  the  circuit  is 
connected  to  the  material  to  be  welded  and  the  negative  pole  attached  to  a 
handle  provided  with  a  slot  to  hold  a  carbon  pencil  and  having  a  guard 
covered  with  asbestos  to  protect  the  hand.  To  start  the  arc  the  workman 
touches  the  metal  to  be  welded  with  the  carbon  pencil  while  the  current  is 
turned  on,  and  then  draws  the  pencil  back  producing  the  arc  and  thus  heat- 
ing the  part  to  be  welded. 

For  pipe  welding  a  very  interesting  machine  has  been  built.  A  vertical 
shaft  arranged  with  a  feather  key  and  depressing  lever  carries  a  carbon 
holder  at  the  lower  end,  which  may  be  set  at  any  desired  eccentricity.  This 
shaft  is  mounted  on  a  carriage  which  is  moved  back  and  forth  by  means  of 
a  crank  and  connecting  rod.  The  carbons  describe  a  circle  about  2^"  in 
diameter  making  about  -400  rev.,  per  minute, while  the  carriage  travels  about 
4"  making  30  strokes  per  minute.  The  motion  is  produced  by  a  small 
motor  mounted  on  the  machine  and  controlled  by  a  switch. 

In  the  operation  oi  this  machine  the  tube  is  placed  on  a  mandrel  having 
a  fire  brick  block  below  it;  the  carbon  is  brought  down  to  start  the  arc  and 
then  raised  about  three  inches  and  set  spinning.  The  end  of  the  arc  is  at  first 
confined  one   point,  but   as   the   metal  becomes  heated   it  soon  spreads  out 
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and  after  a  few  seconds  describes  a  larger  circle  tban  the  carbon;  the  cur- 
rent used  is  about  250  to  300  amperes. 

Pieces  of  steel  are  laid  on  the  seam,  and  when  working  heat  is  reached 
the  tube  is  shifted  a  foot  or  so  on  the  mandrel,  and  the  weld  completed  as 
usual. 

To  give  some  idea  of  the  metals  which  may  be  welded  by  the  electrical 
process  it  may  be  said  that  it  will  weld  nearly  ever  known  metal  or  alloy 
from  the  most  refractory  metal  to  the  alloy  which  fases  at  162°  F.  It  will 
join  any  two  metals  when  the  fusion  point  of  one  metal  is  not  too  far  in  ex- 
cess of  that  of  the  ether. 

Below  is  given  a  partial  list  of  the  metals  which  may  be  welded: 

METALS. 


Various  Grades  of  Tool  Steel, 

Various  Grades  of  Mild  Steel, 

Steel  Castings, 

Chrome  Steel, 

Mushet  Steel, 

Stubbs  Steel, 

Crescent  Steel, 

Bessemer  Steel, 

Cast  Brass, 

Gun  Metal, 

Brass  Composition, 


Copper  to  Brass, 
Copper  to  Wr't  Iron, 
Copper  to  German  Silver, 
Copper  to  Gold, 
Copper  to  Silver, 
Brass  to  Wr't  Iron, 
Gold  to  German  Silver, 
Gold  to  Silver, 
Gold  to  Platinum, 
Silver  to  Platinum, 
Wr't  Iron  to  Mushet  Steel, 
Wr't  Iron  to  Stubbs  Steel, 
Brass  to  Cast  Iron, 


Fuse  Metal, 

Type  Metal, 

Solder  Metal, 

German  Silver, 

Aluminum  alloyed  with  Iron, 

Aluminum  Brass, 

Aluminum  Bronze, 

Phosphor  Bronze, 

Silicon  Bronze, 

Coin  Silver, 

Various  grades  of  Gold. 

COMBINATIONS. 

Tin  to  Zinc, 
Tin  to  Brass, 
Brass  to  German  Silver, 
Brass  to  Tin, 
Brass  to  Wild  Steel, 
Wr't  Iron  (o  Cast  Iron, 
Wr't  Iron  to  Cast  Steel, 
Wr't^Iron  to  Mild  Steel, 
Wr't  Iron  to  Crescent  Steel, 
Wr't  Iron  to  Cast  Brass, 
Wr't  Iron  to  German  Silver, 
Wr't  Iron  to  Nickel, 
Tin  to  Lead. 
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The  process  is  coming  into  use  in  all  departments  of  manufacture  for 
welding,  from  the  smallest  wire  used  for  electrical  conductors,  to  large  steel 
rails.  It  is  also  used  for  forging,  bending,  tempering,  etc.  The  hardest 
steel  is  successfully  worked,  as  in  welding  band  saws  and  broken  teeth  to 
saws. 

The  U.  S.  Government  finds  this  process  especially  profitable  to  use  in  the 
Army  and  Navy,  in  making  projectiles  which  were  originally  bored  out  of 
solid  steel.  They  now  make  them  by  welding  a  steel  tube  of  the  proper 
thickness  to  the  head  and  then  to  the  butt  of  the  shell,  thus  accomplishing 
in  a  few  moments  what  formerly  required  hours  of  costly  labor. 

In  the  new  wire  wound  guns  of  the  Army  and  Navy,  made  by  winding 
wire  over  a  steel  tube  and  shrinking  rings  over  the  whole,  the  welding  of 
the  wire  is  done  by  electricity.  The  wire  is  yV"  square  with  breaking 
limit  of  180,000  pounds,  which  gave  a  good  idea  of  the  strain  an  electric 
weld  will  stand. 

The  process  is  also  of  great  use  on  ship-board  where  it  can  be  used  for  re- 
pairing broken  parts  without  altering  either  length  or  shape,  such  as  piston 
rods,  valve  stems,  etc.,  for  heating,  tempering,  upsetting,  pipe  bending,  etc. 

It  has  been  found  possible  to  weld  wire  cables  up  to  1^"  in  diameter,  the 
weld  being  of  peculiar  construction  and  distinguished  by  high  tensile, 
strength,  great  flexibility  and  admirable  wearing  qualities.  The  cable  was 
made  of  hard  drawn,  low  carbon  steel  of  great  uniformity.  The  welding  of 
the  wires  separately  is  accomplished  by  shrinking  a  sleeve  over  the  end 
about  yV^  from  the  end  and  then  cutting  circular  grooves  between  the  layers 
of  wire,  (of  which  there  were  four  layers  and  a  center  wire).  This  allows 
for  the  upsetting  of  the  ends  of  the  separate  wires  without  welding  them  in- 
to a  solid  mass,  which  would  not  allow  of  the  strain  being  evenly  distributed 
when  the  cable  joint  ran  over  a  sheave. 

In  testing,  the  unannealed  cable  gave  a  maximum  tensile  strength  of  67,- 
700  lbs.  per  sq.  inch  and  the  annealed  fell  to  50,500  lbs.,  the  test  of  the  an- 
nealed was  made  that  the  cable  might  be  in  the  same  state  as  at  the  weld. 

The  tensile  strength  of  welded  cable  gave  most  perfect  results,  averaging 
over  50,000  lbs.  some  going  as  high  as  53,000  and  54,000  lbs.  which  is  over 
88%  of  the  maximum  load  of  the  unannealed  cable. 

One  might  go  on  almost  indefinitely  with  regards  to  many  special  uses  to 
which  electrical  welding  may  be  applied,  but  we  will  close  with  a  few  notes 
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from  practical  work  in  order  to  give  an  idea  of  the  time,  power  expended 
and  cost  of  electric  welding. 

(1.)  Round  bar  tool  steel  I"  dia.,  11"  long  (between  clamps)  was  raised 
to  forging  heat  m  one  minute  by  expenditure  of  82  H.  P. 

(2.  Flat  bar  machine  steel  ^"xl"  and  17"  long  was  heated  for  forging 
in  one  minute  by  34  H  P. 

(3.)  Balling  stock  balls,  tool  steel  ^"  dia  ,  5"  long,  healed  in  one  half 
minute  by  27|  H.  P. 

(4.)  A  bar  of  machine  steel  1"  square  and  12"  long,  brought  to  white 
heat  in  two  and  one-half  minutes  by  3G  H.  P. 

These  were  all  evenly  heated  the  entire  length.  Taking  the  last  case  as 
an  example  and  2  pounds  of  coal  [used  per  hour  jDer  H.  P.  consumed, 
wehave  seventy-two  pounds  of  coal  used  per  hour  for  36  H.  P.  which  is  a 
consumption  of  about  3  pounds  of  coal  for  2^  minutes. 

In  order  to  compare  the  cost  of  electrical  and  best  methods  of  fire  weld- 
ing, below  is  given  a  week's  work  taken  at  random  by  Messr's  Clark,  Chap- 
man &  Co.,  Gateshead  on  Tyne,  England.  This  firm  makes  electric  and 
other  machines  and  uses  one  electric  welder  and  also  does  the  same  work  by 
tire  method. 

The  figures  show  very  well  the  profit  in  using  the  electric  weld.  The  firm 
states  that  the  weld  is  superior  to  the  fire  weld,  it  decreases  the  number  of 
smiths  and  they  are  able  to  weld  in  forms  unattainable  before. 

The  following  figures  are  given  for  the  week  ending  March  18th,  1891: 


Cost  of  operating  Electric  Weld 
ing  plant. 


£ 
1 


1  Smith  53h.@  33sh, 

1  Lad       "     @  14sh. 

1  Engineer  53h.  @  23sh. 

Cleaning  Boiler 

Coal  36  cwts 

Wear  and  tear  and  deprecation  12 

Interest  on  XIOOO  ^  19 

Grlaze  wheel  gringing  

Total 


s. 

13 

14 
3 
1 

17 


6     10 


Cost  of  manufacture  of    the  same 
product  by  present  method. 

£    s.  d. 

180  Winch  stags  @  2d.          1     10  0 

80  Connecting  rods  @  4^d.  1     10  0 

41  Brake  straps  @  8d.           17  4 

212  Winch  handles  (If'  2|d.  1     19  9 

168  Eccentric  rods  (rr  2d.      1       8  0 

168  Piston  rods  (^  2d.            18  0 
Total 


9     3 

Deduct  Expenses  of  El.weld^     1 
Saving 


3    2    1 


Deducting  expense  of  Electrical  welding  from  that  of  the  fire   welding  we 
see  there  is  a  saving  of  X3  2sh.  Id.  or  over  34% . 
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THE  REGULATION  OF  TURBINES. 

Wm.  M.  Tiiuerquist,  '95. 

Owing  to  the  facility  with  which  power  can  be  transmitted  by  electricity, 
more  attention  has  been  given,  by  engineers  and  manufacturers,  dur- 
ing recent  years,  to  the  utilization  of  water  power.  Many  valuable  water- 
falls all  over  the  country  have  been  allowed  to  run  to  waste,  not  because  the 
cost  of  building  the  necessary  dams  and  constructing  the  power  plant  have 
been  too  great  compared  to  the  power  derived,  but  because  the  nature  of  the 
locations  have  been  very  unfavorable  to  the  establishment  of  any  factories 
of  any  kind  near  the  falls,  and  because  no  suitable  method  of  transmitting 
the  power  to  any  greater  distance  has  been  known.  Now  since  electricity 
solves  this  question  of  transmission  as  well  as  distribution  of  power,  we 
can  readily  utilize  almost  any  waterfall  and  with  it  produce  heat,  light  or 
motion  several  miles  away. 

I  According  to  the  census  of  1880,  not  more  than  five  per  cent  of  the  total 
available  water  power  in  U.  S.  was  then  utilzed.  To-day  about  700,000 
wheels  are  used,  out  of  which  68,000  are  scattered  among  small  country 
places,  while  the  remaining  2,000  are  located  at  the  larger  power  -plants 
such  as  are  in  operatioti  at  Niagara,  Holyoke,  Lowell,  Minneapolis  and 
Spokane. 

The  turbine  water  wheel  which  up  to  this  time  has  been  used  almost  ex- 
clusively at  all  water  power  plants  has  now  reached  such  a  state  of  perfec- 
tion that  very  much  improvement,  which  will  increase  the  efficiency,  can  not 
be  made.  The  average  effciency  is  about  eighty  or  eighty-five  per  cent., 
tr  ough  in  special  cases  as  high  as  ninety  per  cent,  has  been  reached.  Most 
of  the  energy  lost  is  due  to  friction  of  the  water  flowing  through  the  pipes, 
and  through  the  wheel  itself,  to  axle  friction,  and  to  residual  energy  of  the 
water  when  leaving  the  wheel,  and  as  these  losses  often  amount  to  ten  per 
cent,  or  more,  the  efficiency  can  not  be  increased  very  much  by  any  im- 
proved design  of  the  wheel  alone.     But  there   is  a  great  need   of  improve- 
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ment  in  the  methods  of  regulating  the  speed.  As  long  as  the  load  remains 
nearly  constant  or  fluctuates  very  slowly,  the  present  methods  of  regulation 
may  do  fairly  well,  but  for  electrical  work  where  the  load  may  vary  several 
per  cent,  almost  instantaneously,  or  at  least  within  a  few  seconds,  the  pres- 
ent methods  are  found  very  defective  and  the  turbine  gives  unsatisfactory 
work. 

The  methods  to  be  used  in  any  particular  case  will  depend  on  the  nature 
of  the  wheel;  whether  it-be  a  reaction  or  an  impulse  turbine.  In  reaction 
turbines  the  construction  is  such  that  the  space  between  any  two  consecu- 
tive vanes  must  be  completely  filled  with  water  and  the  flow  of  water  must 
be  continuous  if  the  best  results  shall  be  gained;  while  in  an  impulse  tur- 
bine the  shutes  are  not  completely  filled,  air  being  allowed  to  fill  the  re- 
maiining  space.  In  both  classes  the  flow  may  be  either  in  a  radial  or  axial 
direction,  i.  e.,  flow  parallel  to  the  radius  either  inward  or  outward,  or  par- 
allel to  the  axis  of  rotation.  In  reaction  turbines  it  may  perform  work  by 
going  both  in  a  radial  and  in  an  axial  direction,  and  they  are  then  called 
mixed  flow  turbines.  Most  American  turbines  are  of  this  class.  In  the  [re- 
action turbine  the  water  after  striking  the  vane  must  follow  the  vane,  while 
in  an  impulse  turbine  it  may  take  its  natural  course.  All  reaction  and  most 
impulse  turbines  have  guide  vanes  to  direct  the  course  of  the  water  before 
entering  the  wheel.  These  vanes  are  set  so  that  in  impulse  turbines  the 
water  shall  strike  the  wheel  in  a  tangential  direction,  or  nearly  so,  while  in 
reaction  turbines  the  water  strikes  the  wheels  at  a  considerably  larger 
angle. 

All  turbines  now  made  belong  to  these  two  classes,  hence,  in  dealing  with 
methods  of  regulation  we  have  but  two  classes  to  consider. 

The  reaction  turbines  work  to  best  advantage  only  when  all  the  passages 
or  buckets  are  full,  and  in  any  method  of  regulation  where  the  wheel  does 
not  work  full,  the  efficiency  is  reduced,  and  the  method  is  not  a  perfect  one. 
A  very  common  method  is  to  vary  the  quantity  admitted  to  the  wheel.  This 
can  be  done  in  several  ways.  Let  us  first  consider  the  method  of  cutting 
off  the  water  supply  by  a  head-race  gate  or  sluice.  Suppose  that  the  open- 
ing to  the  flume  carrying  the  water  to  the  wheel  is  closed  by  the  sluice  suf- 
ficiently to  admit  only  half  the  water  with  which  the  wheel  works  at  its  full 
power.  The  velocity  of  the  water  through  the  wheel  will  remain  the  same, 
but  the  quantity  is  only  one-half  and  the  work  done  can  be  only  one-half  of 
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that  at  full  power,  and  hence  the  speed  of  the  wheel  is  only  one-half.  To 
get  the  maximum  efficiency  of  a  wheel,  its  speed  should  be  about  half  the 
speed  which  it  will  obtain  when  revolving  under  no  load.  But  in  ordinary 
practice  the  speed  should  be  constant.  Then  in  this  case  the  wheel  will 
have  to  revolve  with  the  speed  it  obtains  under  no  load,  and  its  work  will  be 
zero,  and,  consequently,  the  efficiency  is  equal  to  zero.  Though  this  case 
may  be  an  extreme  one,  it  nevertheless  shows  that  with  this  method  of  regu- 
lation the  efficiency  varies  between  wide  limits  and  the  method  is  conse- 
quently very  defective. 

A  similar  method  is  to  put  the  sluice  in  the  tail-race  instead  of  in  the 
head-race.  This  is  mostly  done  when  suction  tubes  are  used.  A  suction 
tube,  or  what  is  also  known  as  draft  tube,  is  an  air  tight  tube  connected  be- 
low the  turbine  and  reaching  below  the  surface  of  the  water  in  the  tail-race. 
The  water  enters  this  tube  on  leaving  the  turbine  and  as  it  falls  it  tends  to 
l^roduce  a  partial  vacuum  and  thus  the  pressure  against  which  the  water  is- 
sues from  the  wheel  is  decreased  and  its  velocity  is  increased  by  a  propor- 
tional amount.  By  using  this  tube  the  turbine  can  be  placed  within  a  cer- 
tain limit  (in  practice  about  28  ft.)  above  the  tail-race  and  give  the  same 
power  as  if  placed  at  the  lowest  point  in  the  tail-race.  The  use  of  such  a 
tube  often  makes  the  access  to  the  wheel  more  convenient.  Suppose,  now, 
that  the  sluice  placed  into  the  lower  end  of  such  a  suction  tube  be  closed 
until  only  half  the  quantity  of  water  used  at  full  power  be  allowed  to  pass 
through  the  wheel.  Since  the  flume  is  full  of  water  and  the  cross  section  of 
the  wheel  the  same  as  before,  but  the  quantity  of  water  leduced  to  one-half, 
the  velocity  of  the  water  must  also  be  reduced  to  one  half  of  that  at  full 
power.  But  since  the  work  done  is  proportional  to  the  square  of  the  veloc- 
ity, the  work  will  be  equal  to  one-fourth  of  that  at  full  power,  and  this 
method  is  worse  than  the  previDUs  one. 

Beside  this  rapid  fall  of  efficiency  the  sluice  in  this  latter  case  must  be 
moved  through  a  great  height  in  order  to  reduce  the  velocity  of  flow  any 
aj)preciable  amount,  as  illustrated  by  the  following  figures  taken  from  ex- 
periments made  at  Mulhouse,  England; 

Open  height  of  gate  Cu.  ft.  per  min.  Efficiency. 

.426  ft.  296.1  71.8% 

.176  "  271.7  63.1 " 

.095  "  253.9  34.9 " 
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The  decrease  in  velocity  of  flow  is  comparatively  small  compared  to  the 
distance  the  gate  has  been  moved,  and  as  the  pressure  on  the  gate  is  quite 
large  for  high  heads,  two  much  time  and  work  is  wasted. 

A  throttle  valve  may  be  used  instead  of  the  sluice,  and  placed  either  above 
or  below  the  wheel,  but  the  results  will  be  the  same  as  with  the  sluice. 

Another  method  is  to  partially  close  the  guide  passages.  This  violates 
the  theory  on  which  the  wheel  was  designed  viz:,  that  it  shall  be  full  of 
water,  and  there  is  consequently  a  fall  in  efficiency,  but  it  is  not  as  rapid  as 
in  the  previous  methods.  This  method  is  therefore  more  generally  used  for 
reaction  turbines.  The  mechanical  devices  for  effecting  this  regulation  are 
numerous,  but  among  the  best  may  be  mentioned;  the  use  of  a  separate  slide 
for  each  guide  passage,  movable  guide  vanes,  and  a  circular  sluice  or  ring 
placed  between  the  guide  vanes  and  the  wheel,  and  which  can  be  turned 
around  the  axis  of  the  wheel  as  a  center,  thereby  partially  closing  the  guide 
passages. 

All  the  above  methods  are  objectionable  because  they  reduce  the  quantity 
of  water,  while  the  area  of  the  cross  section  of  the  wheel  remains  the  same^ 
and  the  wheel  does  not  work  under  the  best  conditions.  A  more  perfect 
method  then,  would  be  to  reduce  the  quantity  of  water  by  decreasing  the 
areas  of  the  guide  passages  and  of  the  cross  section  of  the  wheel  similta- 
neously .  This  would  practically  amount  to  the  same  as  if  ^it  were  a  smaller 
wheel.  With  the  head  of  water  and  the  velocity  of  the  water  the  same, 
the  efficiency  would  remain  constant,  or  as  nearly  so,  as  it  is  possible  to 
get  it  in  practice.  This  method  has  been  tried  in  different  ways  but  has 
been  found  impracticable  on  account  of  too  complicated  mechanical  con- 
struction. Something  similar  has  been  done  by  constructing  the  wheel  and 
guide  apparatus  with  partitions  so  that  each  division  acts  as  a  seperate  tur- 
bine. Any  one  division  can  then  be  closed  or  opened  by  slides  or  sluices 
without  effecting  the  remainder  of  the  wheel,  and  the  efficiency  will  remain 
very  nearly  constant.     This  is  one  of  the  best  methods  in  use. 

While  reaction  turbines  have  an  efficiency  slightly  higher  than  impulse 
turbines,  the  latter  are  much  more  easily  regulated.  The  use  of  the  reaction 
turbines  must  necessarily  be  limited  to  larger  falls  as  the  diameter  of  the 
wheel  must  be  made  to  suit  the  quantity  of  water  available.  Not  so  with 
the  impulse  turbines.  They  can  be  constructed  with  any  diameter  no  mat- 
ter what  the  volume  of  water  may  be,  and  they  are  therefore  more  suitably 
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for  hi^h  falls  with  small  volume  than  the  former.  The  simplest  and  most 
practicable  method  of  regulatng  them  is  to  vary  the  number  of  guide  pas- 
sages or  nozzles,  and  this  is  about  the  only  method  used. 

The  eflficiency  remains  the  same,  as  the  quantity  of  water  is  changed  while 
the  velocity  remains  constant,  and  the  condition,  that  the  wheel  passages 
shall  not  be  full  of  water,  is  not  violated.  This  regulation  can  be  made  with 
the  same  devices  as  used  for  reaction  turbines  regulated  by  partially  closing 
the  guide  passages . 

In  all  these  methods  where  regulation  depends  on  changing  the  quantity 
of  water  passing  through  the  wheel  another  factor  comes  in,  which,  though 
it  may  seem  small,  is  of  quite  great  importance  where  the  load  is  changing 
rapidly  and  the  regulation  must  be  rapid.  When  the  quantity  of  water  pas- 
sing through  the  wheel  is  reduced  the  velocity  of  the  column  of  water  above 
the  wheel  must  also  necessarily  be  reduced,  and  this  surplus  kinetic  energy 
is  used  up  in  increasing  the  pressure  and  consequently  the  velocity  through 
the  parts  of  the  wheel  yet  remaining  open.  When  again  the  quantity  of 
water  is  increased  gravity  must  overcome  the  inertia  of  tbe  water  and  in- 
crease its  velocity.  All  this  takes  time  while  the  change  of  the  load  may  be 
almost  instantaneous.  This  can  be  remedied  only  by  constructing  agat«  in 
the  flume  at  the  same  height  with  the  wheel  and  as  the  wbeel  is  partially 
closed,  this  gate  is  opened  allowing  the  surplus  water  to  take  this  course 
and  thus  the  column  of  water  retains  its  velocity.  But  this  water  passing 
through  the  gate  is  of  course  wasted. 

A  method  of  regulation  which  has  been  introduced  into  electric  plants  is 
to  keep  the  turbine  running  at  full  power,  but  to  keep  the  load  constant  by 
cutting  in  and  out  resistance  in  the  circuit.  This  has  been  done  automat- 
ically by  an  ordinary  ball  governor. 

For  automatic  regulation  of  the  gates  in  all  these  methods  ordinary  ball 
governors  are  mostly  used.  The  governor  is  connected  to  an  intermediate 
machine,  run  by  the  turbine,  and  is  used  simply  to  put  this  machine  in  and 
out  of  gear  and  to  reverse  it.  This  machine  is  then  connected  to  the  gates, 
or  regulating  apparatus. 

A  machine  has  recently  been  put  upon  the  market  in  which  the  governor 
is  used  to  work  a  switch  in  an  electric  circuit.  In  the  circuit  are  two  elec- 
tro-magnets  which  when  magnetized  attract  two  counter-balanced  pawls. 
The  pawls  are  fastened  to  the  end  of  a   lever  arm,   which   receives  motion 
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from  the  turbine,  and  as  one  magnet  attracts  the  pawl  close  by   it   the   paw 
catches   a    ratchet  wheel,  which   sets  the  j<ate  in  motion.     If  the  switch  is 
turned  connecting  the   other  magnet,   the   second   pawl  catches  a   second 
ratchet  wheel  turning  it  in  the  opposite   direction   from   the   first   and  the 
motion  of  the  gate  is  reversed. 

The  Pelton  wheel,  which  is  used  quite  extensively  on  the  Pacific  Coast  is 
but  another  form  of  an  impulse  tnrbine.  Owing  to  its  simplicity  of  con- 
struction and  ease  of  regulation,  it  is  coming  into  quite  extensive  use  all 
over  the  country.  It  has  also  a  higher  efiiciency  than  the  average  turbine, 
on  account  of  the  shape  of  the  buckets,  which  is  something  like  a  double 
cup,  the  two  cups  being  separated  by  a  thin  partition.  The  vein  of  water 
striking  the  bucket  is  separated  into  two  parts  by  the  partition,  and  its  di- 
rection of  motion  completely  reversed.  The  wheel  is  easily  regulated  by  a 
gate  or  valve  just  behind  the  nozzle  and  which  can  be  opened  or  closed  by 
the  action  of  an  ordinary  ball  governor. 

An  idea  of  the  extraordinary  plants  built  by  the  Pelton  Company  can  be 
had  from  some  installations  at  the  famous  Comstock  mines  at  Virginia  City, 
Nevada.  A  36  inch  Pelton  wheel  is  run  under  a  head  of  2100  feet  with  a 
velocity  when  working  under  full  load  of  1150  revolutions  per  minute.  The 
wheel  when  running  empty  runs  at  twice  that  velocity.  With  a  nozzle  of 
one  half  inch  in  diameter  the  power  produced  equals  100  horse  powers.  An- 
other plant  in  the  same  mine  runs  six  forty  inch  wheels  under  a  head  of  1,680 
feet.  Each  wheel  weighs  two  hundred  and  twenty  pounds,  and  with  n  noz- 
zle of  five-eighths  of  an  inch  in  diameter  developes  125  horse  power 
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STREET  PAVING. 

One  of  the  most  important  factors  in  municipal  engineering  is  Paving- 
Large  sums  of  money  are  annually  raised  by  direct  or  indirect  taxation  for 
new  and  for  the  maintainence  of  old  pavements.  It  would  therefore  seem 
proper  that  the  student  of  engineering,  municipal  engineers  in  particular, 
should  give  this  matter  a  great  deal  of  thought  and  consideration. 

There  is  nothing  that  will  impress  a  visitor  to  a  strange  city   as  much  as 
the  conditions  of  its  streets.     Well  kept  and  clean  streets  will  generally  in- 
dicate good  pavements  in  good  repair.     A  paved  street  in  bad  condition,  out 
of  repair,  etc.,  is  worse  than  an  ordinary  earth  road.     Pavements  can  prop- 
erly be  divided  into  the  following  classes,  viz: — 
Wooden  Pavements, 
Stone  Pavements, 
Brick  Pavements, 
Asphaltum  Pavements, 
and  add  to  these  gravel  roads  and  McAdam  coverings. 
Wooden  Pavements — 

The  various  pavements  of  this  kind  includes  the  primitive  plank  road, 
plank  laid  flatways  on  the  earth,  plank  laid  edgeways  on  concrete  founda- 
tions, the  so  called  Nickelson  paving,  is  a  fair  sample  of  this  kind,  cedar 
block  paving,  either  cedar  on  sand  directly  or  cedar  on  plank  foundation  or 
on  concrete  foundation . 

As  far  as  the  plank  road  is  concerned,  it  is  a  make  shift  of  only  temporary 
nature  and  no  attention  will  be  given  it. 

The  Nickelson  pavement  consists  of  a  concrete  foundation,  six  to  eight 
inches  in  thickness,  upon  which  is  laid  in  regular  rows,  pine  block  of  the 
following  dimensions: — 

Ten  inch  by  four  inch  by  six  inches  deep.  The  blocks  are  laid  with  about 
three-eighths  of  an  inch  joints,  and  the  joints  are  filled  with  either  a  cement 
grout  or  a  distilled  tar  composition. 

To  prevent  the  blocks  from  rotting,  they  are  generally  treated  with  creo- 
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sote,  dead  oil  or  other  wood  preserving  compounds.  This  pavement  is  not 
in  great  favor  in  this  country;  Minneapolis  has  not  used  it  at  all,  but  St. 
Paul  has  some  of  it  and  is  not  satisfied  with  it. 

This  class  of  pavement  is  used  a  great  deal  in  Europe,  particularly  Lon- 
don and  Paris,  and  according  to  late  reports,  some  of  the  most  luxurious 
pavements  have  been  put  down  in  this  manner  in  Paris,  viz.: 

Foundation,  by  rolling  and  compression  of  ground,  concrete  foundation 
proper,  upon  which  is  laid  sawed  blocks  of  selected  sapless  wood  with  joints 
filled  with  composition,  as  the  wood  is  imported,  selected  and  chemically 
treated,  the  cost  of  such  a  pavement  is  about  four  dollars  per  yard,  and  the 
covering  is  supposed  to  be  replaced  after  four  to  six  years  service. 

Similar  pavement  has  been  put  down  in  Chicago  around  the  Grand  Cen- 
tral Passenger  Station,  in  the  following  manner: 

Eight  inches  of  broken  stone  foundation,  in  this  was  bedded  two  inch  by 
eight  inch  stringers,  on  these  laid  three  inch  surfaced  white  pine  plank,  and 
on  the  latter,  the  blocks  made  of  two  inch  by  five  inch  by  five  inch  were 
laid,  every  fourth  row  nailed. 

The  price  of  this  pavement  was  two  dollars  and  eighty-five  cents.  Trials 
have  been  made  in  Berlin,  Germany,  and  Columbus,  Ohio,  with  oak  blocks 
put  down  as  above,  but  proved  a  failure  in  both  places,  by  becoming  very 
slippery  and  dry-rotting. 

CEDAR  BLOCK. 

Cedar  blocks  on  a  smd  or  earth  foundation  is  rarely  laid  at  present,  and 
if  laid  is  only  fit  for  light  traffic,  it  has  not  been  laid  in  the  northwest  at  all. 
The  most  common  method  of  constructing  a  cedar  block  pavement  is,  to  use 
a  plank  foundation  in  the  following  manner:  Stringers,  two  inch  by  twelve 
inch  planks,  were  put  down  embedded  in  sand  about  every  six  feet,  upon 
these  stringers  rest  two  by  twelve  inch  plank  and  directly  upon  these  the 
blocks. 

The  joints  between  the  blocks  are  filled  with  gravel,  tamped  in  properly, 
and  then  covered  with  one  inch  thick  layer  of  clean  gravel,  generally  the 
joints,  after  being  rammed,  are  also  filled  with  hot  paving  composition.  A 
few  years  ago  the  cedar  pavements  were,  put  down,  as  described,here  in  Min- 
neapolis, but  it  was  thought  that  nothing  particularly  was  gained  by  the 
tar  filling  and  its  use  was  discontinued. 
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I  am  however,  of  the  opiaioa  that  lar  should  be  used  and  have  so  recom- 
mended. 

It  assists  materially  in  a  sanitary  measure  by  making  the  joints  water 
tight,  and  prevents  the  filling  o£  the  joints  with  foreign  matter, — par- 
ticularly offal  from  horses  where  they  are  permitted  to  stand  hitched  along 
the  curb  lines  as  for  instance  on  Nicollet  Avenue.  It  would  also  prevent 
water  from  getting  under  the  blocks  during  heavy  rain  storms  and  float  the 
pavement.  Tarring  was  discontinued  after  1887  and  since  that  time  damages 
as   mentioned  have  occurred,  but  not  before  1887. 

Cedar  pavement  costs  us  here  about  eighty-five  cents  per  yard,  and  bids 
were  received  March  9th,  as  low  as  seventy  five  and  seven-tenths  cents  per 
yard,  the  lowest  figure  probably  made  in  the  United  States  (of  course  with- 
out tar  filling. )  Some  discussion  has  of  late  arisen,  with  reference  to  so 
called  River  cedar  against  Track  cedar.  With  River  cedar  is  understood  cedar 
that  is  cut,  driven  and  logged  in  common  with  other  pine  logs,  and  accord- 
ingly lies  in  the  water  a  long  time  before  biing  sawed.  Track  cedar  is  cedar 
that  has  been  cut  along  railroads  and  is  shipped  by  cars  directly  to  the 
the  mills;  it  appears  that  in  Minneapolis  the  track  cedar  is  to  be  preferred; 
any  defects  in  the  blocks  are  however  more  readily  seen  in  a  River  cedar 
block,  than  in  a  Track  cedar  block . 

The  best  method  of  putting  down  a  cedar  paving  is  to  use  a  concrete 
foundation  six  inches  thick,  it  adds  to  first  cost,  and  would  cost  in  Minne- 
apolis one  dollar  and  fifty  cents  per  yard,  but  will  keep  up  belter,  and 
when  worn  out  only  the  blocks  need  to  be  replaced.  The  trouble  with  cedar 
is  principally  in  the  sappy  ring  that  surrounds  every  block  from  one-quarter 
of  an  inch  to  one  inch  in  thickness;  this  sap  rots  fast  and  wears  down  and 
makes  the  pavement  rough  after  a  few  years  wear.  In  a  few  instances  this 
sap  has  been  removed,  for  instance,  in  Grand  Rapids,  Mich.,  and  the  pave- 
ment is  claimed  to  be  a  success.  The  extra  cost  per  yard  is  about  thirty 
cents.  The  sap  is  removed  in  the  woods  by  a  machine  with  circular  knives 
that  trim  the  blocks  after  they  are  sawed.  Cedar  is  still  laid  a  great  deal, 
but  in  Cleveland  and  Cincinnatti  none  is  laid,  and  in  Kansas  City  and 
Omaha  its  use  is  being  very  much  opposed  of  late. 

Stone  pavements  can  properly  be  divided  into  cobble  stone  and  dressed 
stone  paving.     The  cobble  stones  are  simply  boulders  of  a   convenient  size. 
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placed  together  on  a  sand  or  earth  bed,  and  rammed  together  with  hand 
rammers. 

Such  pavements  are  extensively  used  in  Philadelphia  and  also  on  the 
steep  grades  in  Cincinnati,  being  there  preferred  by  the  teamsters  to  any- 
thing else.  They  make  a  cheap,  bnt  very  rough  roadway  and  cannot  be  re- 
commended at  all. 

Dressed  stone  paving  is  made  of  various  kind  of  stones,  such  as  limestone 
sandstone  and  granite. 

Limestone  is  not  advisable  to  be  used,  but  some  very  good  pavements  are 
made  of  sandstone,  viz.:  the  so-called  Medina  sandstone,  an  Eastern  stone 
very  closely  grained,  and  as  I  understand,  a  Colorado  sandstone  has  been 
used  a  great  deal  in  Denver  and  Omaha. 

I  am  familiar  with  the  Medina  stone  pavement,  and  find  that  it  makes  a 
very  good  pavement,  extensively  used  in  Cleveland.  Granite  is  extensively 
used  bat  compared  with  some  of  the  southern  granites,  so  called  Georgia 
granite  used  in  Cincinnati  and  Columbus,  our  St.  Cloud  granite  is  far  su- 
perior. 

The  ordinary  granite  pavements  are  generally  made  in  the  following  man- 
ner, the  blocks  are  cut  froQi  four  to  six  inches  in  width,  six  inches  to  seven 
inches  in  depth,  and  about  ten  inches  to  fourteen  inches  long.  The  top 
surface  is  rather  rough.  The  blocks  are  set  in  sand  as  close  as  possible  with 
joints  broken.  The  joints  are  filled  with  sand,  then  the  blocks  are  rammed 
with  a  sixty  pound  iron  shod  rammer,  joints  again  swept  full  of  sand  and 
then  again  rammed,  and  the  surface  is  then  covered  with  small  gravel. 

In  many  cities,  a  six  inch  concrete  foundation  is  put  down  first  upon 
which  the  blocks  rest,  and  the  joints  are  filled  with  paving  composition.  In 
Cleveland  and  here  in  Minneapolis,  it  has  not  been  found  necessary  to  use 
a  concrete  base,  due  to  the  sandy  sub-soil. 

A  Granite  pavement  on  concrete  costs,  throughout  the  east,  about  three 
dollars  and  fifty  cents  to  four  dollars  per  yard,  but  we  get  our  paving  for 
this  season  for  one  dollar  and  6fty-seven  cents  without  concrete  of  course. 
Granite  is  unpleasant  to  ride  over  and  very  noisy,  but  it  will  stand  more 
wear  and  tear  without  repair  than  any  other  pavement. 

The  so-called  Belgian  block  pavement  consists  of  blocks  as  above  de- 
scribed, a  little  smaller  and  with  the  top  surface  practically  cut  smooth. 
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For  future  use  in  Minneapolis,  I  have  recommended  granite  blocks  from 
three  to  four  inches  wide  with  top  practically  smooth;  the  blocks  not  this 
way  would  add  about  thirty  cents  per  yard  to  the  expense. 
Vitrified  Brick  Pavements. 
At  the  present  writing,  I  suppose  there  are  fifty  cities  in  the  United 
States  that  have  introduced  brick  pavements,  but  in  most  of  these  places, 
these  pavements  have  not  been  down  more  than  four  and  five  years  and  real 
facts  as  to  the  merits  of  brick  for  pavements  have  not  yet  been  collected. 

Brick  was  first  introduced  in  Charleston,  West  Virginia,  some  twenty- 
three  years  ago,  and  next  in  Bloomington,  III.  The  brick  first  used,  was 
not  a  vitrified  brick  however,  but  a  brick  made  of  fire  clay.  Paving  bricks 
are  manufactured  a  great  deal  in  Ohio,  Illinois,  and  of  late  in  Iowa,  and  a 
great  number  of  varieties  are  now  made,  viz: 

The  Hallwood  block. 

The  Clayton  block, 

The  Hayden  block. 

The  Porter  fire  clay  brick, 

The  Canton, 

The  Galesburg  brick. 

The  Iowa  brick  et<;. — 
The  principal  featuies  of  these  various  kinds  are — 

The  Hallwood,  Clayton  and  Hayden  blocks  are  burned  especially  for 
street  paving  purposes.  The  other  kinds  are  burned  for  paving  purposes 
certainly,  but  what  cannot  be  used  for  this  purpose,  is  used  for  building 
purposes,  and  hence  as  much  care  is  not  taken,  as  the  manufactures  have 
two  chanches  to  get  rid  of  the  brick;  first  the  tendency  is  to  get  as  many 
bricks  in  a  lot  accepted  for  paving  purposes,  the  price  being  higher,  and  the 
rejected  brick  are  sold  for  other  purposes.  These  bricks  are  of  the  ordinary 
size.  The  Hallwood  and  Clayton  bricks  are  of  the  following  sizes:  nine  by 
three  by  four  inches  deep,  burned  solid.  The  Hayden  block  is  ten  and  one- 
half  by  five  and  one-half  by  five  and  one-half  inches  and  is  made  hollow  for 
a  depth  of  about  three  inches,  with  walls  of  one  inch  in  thickness  left  and 
is  grooved  on  top.  The  claim  is  made  that  this  block  can  be  burned  easier 
than  the  larger  solid  blocks. 

In  Columbus,  Ohio,  where  more  brick  has  been   used  than   in   any  other 


108 


F.   W.  Cap'pelen. 


city,  the  authorities  have  adopted  for  use  only  the  following  kind — Hall- 
wood,  Clayton  and  the  Porter  fire  clay  brick. 

A  first  class  brick  pavement  should  be  laid  in  the  following  manner: 
First  -The  ground  first  to  be  rolled,  then  to  be  covered  with  a  six  inch  bed 
of  concrete  well  tamped,  upon  this  a  cushion  of  sand  from  one  to  two  inches 
thick,  upon  this  selected  brick,  with  as  close  joints  as  possible  in  straight 
rows,  the  brick  to  be  either  rammed  or  rolled,  and  finally  the  joints  should 
be  filled  with  distilled  tar  composition.  The  main  trouble  is  in  selecting 
the  good  from  the  poor  brick,  a  very  difficult  task.  The  bricks  should  first, 
before  being  put  down,  be  closely  inspected,  then  after  being  laid  be  sub- 
jected to  another  overhauling. 

In  some  cities,  brick  pavement  after  being  laid  is  flooded  with  water  so  as 
to  make  the  final  inspection  by  judging  the  soft  brick  on  account  of  tha 
color  due  to  absorption. 

In  my  opinion,  the  best  paving  brick  is  manufactured  in  Ohio  with  Illi- 
nois a  close  second.  Owing  to  the  great  distance  from  these  markets,  the 
freight  expenses  add  so  much  to  the  cost  of  the  brick  pavements  Ihat  it  will 
be  very  questionable  if  brick  can  be  adopted  in  Minneapolis  in  competition 
with  cedar  and  granite.  It  appears,  however,  that  the  proper  clay  for  pav- 
ing brick  is  to  be  found  near  our  city.  Samples  of  the  Coon  Creek  clay 
have  been  sent  to  Ohio  and  burned  there  with  excellent  results.  Clay  from 
Monticello,  has  also  been  sent  to  Ohio  for  burning  and  examination  in  gen- 
eral, I  have  not  yet  received  the  results,  however,  but  expect  them  to  be 
favorable. 

The  following  analyses  show  the  chemical  character  of  ^Columbus,  O., 
Galesburg,  111.,  and  the  Coon  Creek,  Minnesota,  clay: 


Silica. 

Alum- 
ina. 

Perox 
of  Iron . 

Lime. 

Mag- 
nesia. 

Potash 
&  Soda. 

Water. 

Unde- 
t'rmin'd 

Total. 

*Columbus,  O. 
*Gale3burg, 
Coon  Creek, 

66.30 
68.69 
00.31 

18.62 
17.95 
23.77 

9.78 
7.2? 
7.96 

0.04 
0.76 
0.00 

0.8i 
1.47 
0.00 

1.89 
2.83 
2.41 

""5.55 

2.17 
1.05 

100 
100 
100 

♦Character  due  to  chemical  constitution: 

Pure  alumina  will  resist  the  highest  temperature  of  the  blast  furnace,  in 
which  crystalline  quartz  (silica)  will  be  only  slightly  effected,  both  being 
practically  infusable.  Alumina  shrinks,  warps  and  cracks  greatly  in  drying, 
but  gives  plasticity  and  adhesiveness  to  the  clay  and  strength  to  the  product. 
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Silica  prevents  cracking  and  distorting,  the  more  silica  being  present,  the 
less  shrinkage. 

But  the  more  silicia.  the  less  plasticity  and  adhesiveness  of  the  clay  and 
the  less  strength  and  greater  brittleaess.  Lime  and  magnesia  while  infus- 
able  ia  themselves  or  with  alumina,  fuse  in  the  presence  of  an  excess  of  si- 
licia, as  do  also  several  other  common  ingredients  of  clay  and  form  a  vitri- 
fied brick. 

It  is  found  that  potash  has  the  most  active  fluxing  effect  on  clay,  after 
which  follows  soda,  lime,  magnesia  and  iron  in  the  order  named:  To  "vit- 
rify'" a  clay  should  contain  at  least  three  per  cent  potash,  or  three  and  one- 
half  per  cent,  of  soda,  or  five  per  cent,  of  lime  or  magnesia,  or  eight  per 
cent  ir  m,  or  a  compound  proportion  of  any  or  all  of  these  flnxes  equal  to 
these  amounts. 

It  will  be  seen  from  the  above  that  the  Coon  Creek  clay  will  make  proper 
brick.  Tests  on  absorption  from  Coon  Creek  and  Monticello  bricks,  give  re- 
markably good  results;  only  about  one  per  cent  after  four  days  in  water.  A 
first  class  paving  brick  should  not  absorb  over  one  and  three-quarters  per 
cent  in  ten  days  and  salt  glazed  brick  should  not  be  used.  To  build  a 
proper  brick-making  plant  that  can  turn  out  seventy-five  tbousand  brick 
per  day,  will  cost  atleast  one  hundred  thousand  dollars  and  I  am  informed 
that  steps  are  being  taken  to  establish  such  a  plant  in  case  the  pro- 
jectors of  the  enterprise  convince  themselves  that  brick  pavements  will 
be  introduced  in  Minneapolis. 

The  cost  of  an  imported  Hallwood  brick  pavement  would  be  about  two 
dollars  and  seventy  cents  per  square  yard.  The  cost  of  a  Galesburg 
brick  pavement  would  be  about  two  dollars  and  fifteen  cents  per  square 
yard. 

These  rates  are  based  upon  an  all  rail  rate  for  freight.  Basing  estimates 
upon  a  fair  price  for  Coon  Creek  brick,  the  cost  of  pavement  made  of  them 
would  be  as  follows: 

Hallwood  size  of  brick $1.90  per  square  yard. 

Galesburg  size  of  brick 1.80     " 

♦Abstract  from  a  paper  read  before  the  International  Engineering  CongreBS  of  the  World's  Colniiibian 
Exposition,  by  Daniel  W.  Mead,  Assoc.,  M.  Am.  Soc,  C.  E . 
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AsPHALTUM  Pavements, 

A  few  months  ago,  Mr.  J.  W.  Howard,  B.  L.  0.  E.  of  New  York  read  a 
very  interesting  paper  upon  Natural  Asphaltum  and  its  compounds  at  a 
meeting  of  the  St.  Paul  Society  of  Civil  Engineers,  and  a  short  time  ago, 
this  paper  has  been  prepared  and  printed  for  the  use  of  the  Professors  and 
Students  of  the  Rensselaer  Polytechnic  Institute  and  others  at  the  request 
of  the  Rensselaer  Society  of  Engineers. 

■  As  this  paper  is  a  most  exhaustive  one  on  the  subject,  I  will  refer  you  to 
it  for  full  information  on  the  subject  and  give  here  only  some  extracts  of 
same. 

The  importance  of  Asphaltum  can  readily  be  judged  by  the  volume  it  oc- 
cupies in  the  industry  of  Asphalt  paving  viz:  in  seventy-two  American  and 
fifty- five  European  cities  with  an  investment  of  at  least  $55,000,000  of 
Municipal  funds,  and  a  working  capital  of  at  least  $15,000,000. 

The  growth  has  been  very  rapid  during  the  last  forty  years  in  Europe 
and  twenty  years  in  America. 

Definition  of  Asphaltum — Asphaltum, called  generally  in  English  Asph- 
alt, is  the  Latin  for  the  Greek  word     (asphaltos). 

It  is  a  natural  mineral  pitch  and  is  practically  unchangeable  at  ordinary 
temperatures.  When  pure,  or  nearly  pure,  it  is  dark  brown  or  black, 
When  struck  with  a  hammer  at  ordinary  temperatures  it  is  britlle.  Its 
fracture  is  dull  and  conchoidal.  It  is  sectile.  When  rubbed  or  freshly 
broken  it  emits  a  bituminous  odor.  Its  specific  gravity  in  its  natural  state 
is  from  .96  to  1.68,  due  to  impuritiss  and  porosity.  It  is  not  soluble  in 
water.  It  is  soluble  in  carbon  disulphide.  It  begins  to  melt  at  190°  P.  and 
flows  at  about  200°  P.  It  is  partly  soluble  in  alcohol,  turpentine,  ether, 
naptha,  and  petroleum.     Its  hardness  at  70°  P.  is  2|  to  three  Dana  Scale. 

In  America,  the  public  has  been  led  into  the  error  of  supposing  that  the 
by-product  of  the  gas  works,  namely,  gas-tar  and  coal-tar,  were  ashpalts. 
This  is  due  to  the  efforts  of  either  unprincipled  or  ignorant  persons,  who 
have  desired  to  sell  coal  tar  preperations,  which,  while  they  have  valuable 
uses,  should  not  be  sold  or  used  where  asphaltum  is  needed.  They  are  the 
products  of  distillation.  The  volatile  oils  contained  in  them,  if  exposed  to 
the  air  or  sun,  soon  disappear  and  black  powder  remains.     Real  asphaltum 
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retains  its  fixed  oils  and  cementing  qualities,  hence  its  lasting   properties  in 
its  natural  and  artificial  compounds. 

Refined  Asphaltum  is  the  product  resulting  from  the  refining  bj-  heat,  at 
a  temperature  below  400°  F.  of  crude  asphaltum.  The  water  and  vegetable 
matter  are  removed.  Commercially  refined  asphalt  used  in  engineering, 
architecture,  etc.,  still  contains  some  earthy  matter.  It  is  not  necessary  to 
fully  remove  this,  because  in  the  mixture  subsequently  used  it  would  be  re- 
placed when  mixed  with  sand,  limestone,  dust,  etc.,  as  occasion  demands. 

Asphaltic  cement  is  a  combination  of  refined  asphalt,  and  residuum  oil  of 
petroleum  of  a  standard  specific  gravity  at  a  given  temperature.  The  pro- 
portions used  vary  with  the  objects  for  which  the  asphaltic  cement  is  pi'e- 
pared.  From  fifteen  to  eighteen  pounds  of  residuum  oil  is  used  to  every 
one-hundred  pounds  of  refined  asphalt.  They  are  mixed  hot  and  agitated 
by  air  or  mechanical  means. 

Asphaltic  Limestone. — Asphaltic  limestone  is  a  natural  compound  cf  as- 
phalt and  limestone.  Maltha,  and  other  bituminous  substances,  are  some- 
times present.  Sulphur,  sand  and  a  few  other  foreign  snbstances  are  gen- 
erally found  in  it.  Its  fracture  is  irregular,  and  its  color  is  from  brown  to 
chocolate  black  and  black  when  freshly  broken.  The  color  is  darker  in  the 
specimens  containing  the  larger  amounts  of  asphaltum.  The  percentage  of 
asphaltum  permeating  the  limestone  varies  in  different  deposits,  and  in  dif- 
ferent parts  of  the  same  mine,  from  less  than  one  per  ceiit.  to  above  twenty 
percent.  The  grain  of  asphaltic  limestone  is  very  fine.  Under  the  micro" 
scope  the  smallest  particle  is  coated  with  asphaltum.  If  cut  by  a  sharp, 
blow  of  an  axe,  it  appears  grayish  white  along  the  cut,  due  to  forcing  out 
of  the  asphaltum  and  leaving  particles  of  limestone  exposed.  If  a  piece 
contains  above  ten  per  cent  ot  asphalt,  it  can  be  warmed  and  broken  in  the 
hands.  A  piece  heated  over  the  fire  falls  apart.  If  heated  in  a  pan  and 
held  for  an  hour  at  a  high  temperature,  the  asphaltum  is  driven  off  and  a 
gray  powdered  limestone  remains.  A  bituminous  odor  is  perceptible  in  all 
samples  when  freshly  broken  if  they  contain  above  four  per  cent,  of  as- 
phaltum. 

Asphaltic  limestone  is  sometimes  called  "rock  asphalt"  and  "bituminous 
limestone."  In  France  while  often  referred  to  erroneously  as  "asphalte,'. 
its  real  name  is  "calcaire  bituminous."  The  German  name  is  "Asphalt-p. 
kalkstein,"'  and  for  brevity  "asphaltstein." 
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Asphaltic    Sandstone. — Asphaltic  sandstone    is   composed   of  sandstone 
containing  from  less  than  one  per  cent  to  sometimes  as  high  as   seventy  per 
cent  of  asphaltum .     Maltha  and  petroleum  are  often  present  to  the  injury 
of  the  asphaltic  sandstone  for  engineering  uses. 

This  material  is  called  by  a  few  people  in  California  by  the  name  "as- 
phalt rock,"  which  is  misleading.  It  has  not  yet  proved  itself  very  valu- 
able. Experiments  are  being  constantly  made  to  establish  ils  value  and 
how  to  use  it. 

Asphalt  Pavements. — Asphalt  pavements  are  of  three  classes,  laid  upon 
concrete  or  other  suitable  foundation,  and  composed  of  either  Trinidad  as- 
phalt, sand,  powdered  limestone,  etc.,  or  asphaltic  limestone,  or  asphaltic 
sandstone,  if  laid  upon  roadways.  But  if  laid  upon  walks,  floors,  roofs,  etc.^ 
one  or  more  of  these  materials  are  combined  in  various  ways.  I  will  define 
them  separately. 

Trinidad  Asphalt  Pavement,  the  sfhndard  of  this  class,  is  laid  briefly 
as  follows: — 

The  street  is  graded,  rolled  with  a  steam  roller,  supplied  with  a  cement 
foundation,  generally  five  or  six  inches  thick.  In  case  the  street  is  covered 
with  a  Macadam  roadbed  or  old  stone  block  pavement,  these  are  often  used 
as  foundations  without  the  hydraulic  cement  concrete.  If  Macadam  or  old 
stone  blocks  are  used  for  a  foundation,  a  thin  layer,  about  one  and  one-half 
inches  thick,  of  asphaltic  concrete,  called  "binder"  is  first  laid  upon  these 
old  surfaces.  The  asphalt  paving  mixture,  called  the  "wearing  surface,"  is 
laid  upon  the  foundation  prepared  as  described.  The  wearing  surface  is 
also  laid  on  one  and  one-half  inches  of  binder  spread  over  five  inches  of 
hydraulic  cement  concrete. 

This  wearing  surface  mixture  is  spread  with  hot  rakes  and  compressed 
with  a  steam  roller  to  the  thickness  desired,  one,  one-half,  two  and  in  cer- 
tain places  two  and  one-half  inches  thick,  as  the  street  and  system  of  pave- 
ment demands.  The  Trinidad  asphalt  paving  mixture  is  compounded  as 
follows:  Asphaltic  cement  is  first  prepared  by  mixing  refined  asphalt  and 
residuum  oil,  using  from  fifteen  to  eighteen  pounds  of  residuum  oil,  accord- 
ing to  the  climate,  etc.  The  asphaltic  cement,  serves  to  cement  together 
the  sand  and  powdered  limestone  entering  into  the  wearing  surface  mixture, 
which  is  as  follows: — 
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Aspbaltic  cement. . .  .12  to  15  per  cent,  by  weight. 

Sand 83  to  TO  per  cent. 

Powered  Limestone.  .  5  to  15  per  cent. 

The  mixing  is  done  in  special  toothed  mixing  apparatus,  the  teeth  inter- 
lacing and  revolving  on  two  shafts  in  opposite  directions.  The  asphaltic 
cement  and  sand  are  first  previously  heated  to  above  250°  F.,  which  is  the 
temperature  at  which  the  mixture  should  be  laid  upon  the  street. 

The  proportions  vary  according  to  the  kind  of  sand  used  and  the  climate. 
The  proportions  of  the  oil  with  Asphaltic  cement,  as  well  as  the  proportions 
of  the  materials  in  the  paving  mixture.vary  with  the  climate.  More  asphal- 
tic cement  is  used  in  cold  climates  than  in  warm  ones.  This  easy  adapta- 
bility to  climate  is  one  of  the  reasons  of  the  success  of  this  pavement. 

Asphaltic  limestone  pavement  is  a  pavement  laid  upon  a  suit- 
able concrete  or  other  foundation,  and-  composed  of  powdered  as- 
phaltic limestone  spread  upou  the  foundation  previously  prepared, 
and  compressed  in  position  by  hot  iron  rammers,  or  otherwise. 
The  process  is  briefly  thus:  The  asphaltic  limestone  is  mined  in 
large  lumps,  crushed  in  a  suitable  crusher,  powdered  while  cold  in  an 
appropriate  pulverizer. 

The  powder  is  heated  to  a  temperature  a  little  above  275°  F.,  spread  upon 
the  street  and  compressed  in  position.  The  natural  asphaltic  limestone, 
called  sometimes  rock-asphalt,  must  contain  about  10%  of  asiihaltum,  more 
or  less,  according  to  the  climate,  for  this  class  of  paving. 

Asphaltic  sandstone  pavement  is  a  pavement  of  natural  asphaltic  sand- 
stone, prepared  briefly,  as  follows:  The  material  is  mined,  crushed  by  a 
crusher,  if  not  fine  enough  when  arriving  from  the  mine,  and  then  disin- 
tegrated by  the  injection  of  steam  into  mass,  or  by  passing  the  material 
through  a  revolving  steam  heated  jacket,  or  cylinder.  The  material,  when 
fine,  is  raked  upon  the  prepared  foundation  and  compressed  into  position 
generally  by  a  steam  roller.  Asphaltic  sandstone  pavements,  because  still 
in  an  experimental  stage,  have  not  yet  definite  percentages  of  asphaltum  de- 
cided upon  as  final  and  best. 

Asphaltic  mastic  is  the  three  kinds.  First,  that  which  is  composed  of  a 
mixture  of  powered  asphaltic  limestone,  Trinidad  asphalt  and  possibly  a  lit- 
tle residum  or  other  oil;  second,  that  which  is  composed  of  sand,  possibly  a 
little  lime  stone  dust  and  about  22%  of  asphaltic  cement;  third,  that  which 


lU 


F.  W.  Cappelen. 


is  composed  of  crashed  asphaltic  sandstone,  enriched  by  the  addition  of 
either  asphaltic  cement  or  a  little  maltha.  All  Asphalt  mastics  are  mixed 
or  prepared  hot,  and  generally  run  into  molds  varying  in  shape  at  the  differ- 
ent factories. 

These  are  called  asphaltic  mastic  blocks  and  are  generally  about  six  inch- 
es thick  and  either  round,  square  or  hexagonal.  They  are  shipped  to  the 
place  needed  and  there  remelted  and  used  in  making  walks,  floors,  roofs  and 
in  many  other  ways. 

Asphaltic  concretes  are  composed  of  either  crushed  stone  cemented  to- 
gether with  asphaltic  limestone  mastic;  or  of  crushed  stone  cemented  to- 
gether with  Trinidad  asphalt  mastic,  that  is,  a  mixture  of  crushed  stone, 
sand,  limestone  dust  and  asphaltic  cement,  mixed  hot  and  compressed  in 
layers  by  hand.      These  concrete  foundations  have  many  uses. 

The  principal  deposits  of  asphalts  and  its  compounds  are  as  follows: 
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Trinidad 

Russia 
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Utah 

Sicily 
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Other  bitumens  as  maltha,  etc.,  and  impurities,  as  sulphur,  etc.,  are  of- 
ten present,  sometimes  to  the  commercial  detriment  of  the  material.  One 
or  more  mines  are  worked  in  each  of  the  above  countries,  except  perhaps, 
Columbia,  Indian  Territory,  Montana,  New  Mexico,  Michigan,  Wash- 
inirton   and  Dalmatia. 
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The   following  table   gives   the   chemical   analysis  of  representative  as- 
phalts, (chemically  refined:) 


Place. 

Trinidad. 

Mexico. 

Peru. 

Cuba. 

Columbia. 

Palestine. 

Carbon 

85.89 

80.34 

88.67 

81.50 

88.31 

80.00 

Oxygen 

.66 

10.09 

1.65 

8.90 

1.68 

.40 

Hydrogen 

11.06 

9.57 

9.68 

9.60 

9.64 

9.00 

Nitrogen 

•  •  •  •  • 

.37 

10.00 

Sulphur 

2.49 

•  •  •  • 



.60 

Ash 



Totals 

100% 

100% 

100% 

100% 

100% 

100% 

The  physical  characteristics  of  the  three  principal  asphaltic  substances, 
asphaltum,  asphaltic  limestone  and  asphaltic  sandstone  are  best  given  sepa- 
rately. 

Trinidad  asphalt  supplies  more  than  90  per  cent,  of  the  asphaltnm  used  in  the 
world.  It  should  therefore  be  described  in  detail,  being,  as  it  is,  a  standard 
asphalt  and  a  type  of  all.  Triuidad,  an  island  at  the  mouth  of  the  Orinoco^ 
north  of  South  America,  is  the  property  of  Great  Britian.  Upon  this 
Island  is  found  the  Trinidad  Asphalt  Lake,  often  referred  to  as  the  ''Pitch 
Lake".  It  is  a  large,  flat  crater  or  deposit  of  asphaltum,  mixed  with  much 
earthy  and  a  little  vegetable  matter  and  water.  This  deposit  is  the  prop- 
erty of  the  British  Government.  It  is  about  a  mile  from  the  Southwest 
corner  of  the  island,  and  covers  almost  116  acres. 

The  surface  is  hard,  very  slightly  undulating,  intersected  by  shallow 
cracks,  covered  at  spots  with  low  temporary  vegetation  and  pools  of  water. 
The  asphalt  is  softer  as  we  approach  the  center,  where  it  is  very  soft. 

Crude  Trinidad  asphalt  is  very  brown  and  very  brittle  at  ordinary  tem- 
peratures. It  is  easily  detached  from  the  surface  of  the  "Asphalt  Lake"', 
with  a  pick.  Its  irregular  features  show  particles  of  clay  and  vegetable 
matter  in  it.  When  warmed  in  the  hand  it  can  be  slightly  bent.  When 
broken  it  emits  a  bituminous  odor.  It  is  very  porous.  The  chemical  and 
physical  tests  indicated  above  and  by  the  definition  of  asphaltum  are  easily 
made. 

The  complete  analyses  of  the  materials  contained  in  crude  Trinidad 
asphalt  are  as  follows: 


Bowen. 

Eich! 

irdson. 

39.83 

38.14 

33.99 

26.38 

9.31 

7.63 

16.87 

27.85 
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Authority, 
Asphalt, 
Earthy  matter 
Vegetable  matter 
Water 

100%  100% 

These  are  mechanical  mixtures.  The  variation  in  water  is  very  great.  A 
lump  of  crude  ashpalt  in  a  room  loses  its  water  in  a  few  weeks.  Powdered 
crude  asphalt  loses  its  water  by  evaporation  in  a  few  days.  Samjiles  of 
asphalt  from  the  center  of  the  "Lake"  vary  slightly  from  those  near  the 
shore. 

But  for  commercial  uses  the  asphalt  from  within  the  Asphalt  Lake  is 
more  constant,  reliable  and  better  than  that  which,  for  a  short  time,  came 
from  places  outside  of  the 'Lake",  and  was  known  as  "overflow  or  land 
pitch." 

The  material  contained  many  variable  impurities,  and  lacked  cementing 
qualities.     It  is  no  longer  imported  into  the  United  States. 

The  analyses  of  representative  asphaltic  limestone  from  four  mines  is 
sliown  in  the  following: 

Composition.  Val  de  Travers  Seyssel  Ragusa  Limmer 

Switzerland.  France.  Sicily.  Germany. 

Asphaltum 

Calcium  Carbonate 

Clay  and  Iron  Oxide 

Sand 

Magnesium  Carbonate 

Insoluble 

Loss  

Tctal  100%  100%  100%  100% 

Asphaltic  sandstone  is  found  in  nature  sometimes  dense  and  sometimes 
soft.  The  grain  varies  in  some  mines  from  very  fine  to  others  where  it  is 
very  course. 

Small  particles  of  clay  and  other  substances  are  often  piesent.  Little 
shells,  of  several  kinds  are  frequently  found.  Its  color  is  almost  invariably 
black.  A  piece  heated  upon  a  stove  quickly  falls  to  pieces  if  above  6  per 
cent,  of  asphaltum  is  present.      Asphaltic   sandstone   very   often   contains 
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petroleum  and  maltha  in  large  quantities.  In  America,  where  crude  asph- 
altum  is  cheap,  it  does  not  pay  to  extract  the  asphaltum  from  the  asphaltic 
sandstone,  as  is  done  at  a  few  places  in  Europe.  Just  after  the  success  of 
asphalt  pavements  in  Europe  and  the  consequent  reports  sent  to  this  coun- 
try, a  desire  arose  to  have  smooth  and  noiseless  pavements  in  American 
cities. 

At  that  time  the  public  did  not  know  what  asphalt  was,  and  because  of 
the  expense  of  transporting  asphaltic  limestone  from  Europe  to  America, 
many  compounds  aitificial  and  imitations  were  proposed.  Before  long  that 
which  was  previously  known  as  gas  tar  or  coal  tar,  began  to  be  sold  under 
the  name  of  "Asphaltum."  Tar  was  mixed  with  sand  and  gravel,  first  for 
walks  and  then  for  roadways.  These  mixtures  were  called  "asphalt  walks" 
and  "asphalt  pavements." 

This  went  so  far  that  at  the  time  of  the  Tweed  ring  in  New  York  City, 
many  streets  were  spread  over  with  coal  tar  imitations  of  asphalt  pavements, 
which  were  soon  called  "tar  poultice  pavements"  and  rapidly  disintegrated. 

The  use  of  coal  tar  preparations  for  pavements  of  streets  has  almost 
ceased.  It  is  still  too  extensively  used  for  roofs  in  this  country,  whereas,  in 
Europe  it  is  not  used  at  all,  except,  perhaps,  in  cases  of  small  temporary 
sheds  where  a  temporary  substance,  like  coal  tar  is  admissible. 

Genuine  natural  asphaltum  retains  its  oil,  hence  its  lasting  qualities  in 
pavements,  concretes,  etc.  A  practical  method  to  tell  asphalt  from  coal  tar 
is  as  follows:  Apply  to  any  gas  works  or  coal  tar  roofer  and  get  a  piece  of 
coal  tar. 

Then  apply  to  some  dealer  in  natural  asphaltum  for  a  sample  of  refined 
Trinidad  or  other  asphaltum.  Having  two  samples,  one  of  coal  tar  and  one 
of  asphalt,  place  them  side  by  side.  The  coal  tar  emits  a  sharp,  acrid  odor, 
easily  perceived.  The  asphalt  must  be  rubbed  hard  to  emit  a  strong  odor. 
The  asphalt  odor  will  be  quickly  learned.  It  is  entirely  different  from  the 
coal  tar  odor.  The  asphalt  odor  is  known  as  a  bituminous  odor.  It  is  rath- 
er agreeable,  perhaps  a  little  sour  smelling.  Crude  and  refined  asphalt 
when  quite  cold,  emits  a  weak,  clay  like  odor.  Next  taste  one  sample,  then 
the  other.  Then  attempt  to  chew  a  little  of  the  refined  asphalt.  It  will 
crumble.  If  it  be  an  "asphalt  paving  cement"  made  from  genuine  asphalt 
and  residuum  oil  of  petroleum,  a  fairly  agreeable  chewing  gum  is  the  result. 
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Any  attempt  to  chew  coal  tar,  will  result  in  disaster  to  the  teeth,  for  it  is 
very  sticky  and  hard  to  remove  from  the  teeth. 

Expert  analysis  of  mixtures  to  detect  any  coal  tar  present,  if  present  in 
small  quantities,  is  exceedingly  difficult,  but  when  large  amounts  of  tar  are 
present  in  the  mixture,  they  are  quickly  discovered  by  the  sharp  odor  and 
otherwise. 

Much  pavement  was  laid  in  one  or  two  cities  under  the  name  "vukanile," 
which  was  a  mixture  of  about  25%  of  asphalt  and  75%  of  coal  tar,  mixed 
with  sand,  powdered  limestone,  etc.  This  material  is  no  longer  laid  wheie 
engineers  have  full  control  as  to  what  shall  enter  into  the  pavements,  unices 
they  are  influenced  by  other  reasons  than  technical  ones. 
MINING,  PREPARATION  AND  USES. 

Trinidad  asphalt  as  a  standard,  cjmes  from  the  island  of  Trinidad,  and 
from  the  Trinidad  asphalt  lake  as  previously  described. 

The  carts  and  horses  used  to  haul  the  crude  asphalt  from  the  deposit  to 
the  shore,  drive  upon  the  "Pitch  Lake." 

The  material,  which  has  already  been  described  as  dark  brown,  brittle  and 
similar  to  dense,  dry  peat,  is  picked  loose,  thrown  into  the  carts,  hauled  to 
the  ocean  beach,  loaded  upon  scows  and  lighters  and  thence  into  the  steam- 
ers and  sailing  vessels  which  bring  it  to  America  or  take  it  to  Europe. 

The  excavations  made  on  the  surface  of  the  deposit  soon  disappear  by  be- 
ing filled  up  with  new  material  from  the  sides  and  bottom. 

Upon  arrival  at  a  refinery  in  the  United  States  or  Europe,  it  is  either  un- 
loaded and  stored  for  future  use,  or  conveyed  directly  into  large  refining 
tanks,  called  "asphalt  stills"  which  are,  in  brief,  cylindrical  retorts  set  in 
brick  work  and  heated  by  indirect  fire.  The  crude  asphalt  is  heated  some- 
what above  boiling  water  and  not  above  400*^  F.,  for  several  days.  By  a 
few  improvements  this  refining  has  been  reduced  to  half  the  time  it  used  to 
take.  This  process  drives  off  the  water,  certain  light  volatile  oils  and 
gases. 

The  vegetable  matter  floats  and  is  disposed  of.  A  part  of  the  earthy 
matter  settles  to  ihe  bottom.  The  product  is  refined  Trinidad  asphalt  and 
is  drawn  off  into  light  barrels  with  one  end  out.  This  refined  asphalt  is 
sent  by  rail  or  boat  from  the  several  refineries  to  the  many  cities  using  it. 

Trinidad  asphalt  pavements  absorb  more  than  ninety  per  cent,  of  the  as- 
phalt imported  from  Trinidad.     This  pavement  is  laid,   briefly,  as  follows: 
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The  street  is  graded,  rolled  with  a  steam  roller,  supplied  with  a  suitable 
foundation  and  then  covered  with  a  layer  of  a  mixture  of  sand  and  powd- 
ered limestone,  held  together  by  asphaltic  cement.  A  full  description  of 
Trinidad  asphalt  pavement  has  already  been  given  previously  in  this  paper. 

The  volume  and  importance  of  this  class  of  pavement  can  be  judged 
from  the  fact  that  it  is  found  in  ninety-two  American  cities,  covering  an 
area  of  almost  14,000,000  square  yards,  in  Jarnary  1st,  1894,  equivalent  to 
more  than  911  miles  of  roadway  laid  in  sixteen  years  by  thirty  contractor 
or  companies. 

Asphaltic  limestone  is  mined  either  by  open  quarrying  or  by  tunneling. 
In  warm  weather  open  quarrying  is  difficult  because  of  the  tenacity  of  the 
material.  Tunneling  is  carried  on  sometimes  by  drills  and  wedges  alone,  but 
generally  with  powder.  Gas  is  not  to  be  feared  in  most  asphaltic  lime- 
stone mines.  Water,  however,  often  appears  and  must  be  constantly 
pumped  out-.  It  is  mined  in  large  lumps,  crushed  generally  in  a  rotary- 
toothed  crusher  into  pieces  three  inches  and  less  in  size. 

These  pieces  are  passed  through  a  pulverizer,  generally  the  centrifugal 
type,  sometimes  in  cylinders  revolving  and  containing  loose  cast  steel  balls- 
The  resulting  powder  is  about  as  fine  as  mustard  seed.  It  is  stored  up 
preferably  under  cover,  for  future  use,  unless  needed   at  once. 

One  of  the  chief  uses  of  this  powder  is  for  laying  compressed  asphaltic 
limestone  pavement,  known  generally  as  "rock  asphalt  pavement,'*  and  like 
other  pavements  into  which  asphaltum  enters,  it  is  called  «imply,  "asphalt 
pavement . " 

While  technically  incorrect,  practically  it  is  proper  to  call  a  pavement 
containiug  asphaltum,  an  asphalt  pavement,  because  though  asphalt  forms 
but  from  ten  per  cent,  to  tifteen  per  cent,  of  the  mixture,  it  is  the  character- 
istic which  determines  the  name  of  the  pavement.  The  process  of  laying 
asphaltic  limestone  pavements  is  briefly  as  follows:  The  powdered  ma- 
terial is  heated  to  about  275"  F.,  either  upon  flat  hearths  or  in  revolving 
heaters.  It  is  hauled  to  the  streets  in  ordinary  wagons,  raked  to  such  a 
depth  over  its  concrete  foundation  that,  when  compressed  by  heated  ram- 
mers or  otherwise,  it  will  have  the  required  thickness,  generally  two  or  two 
and  one-half  inches. 

Tbis  form  of  asphalt  pavement  for  streets  is  not  popular  in  the  United 
States,  and  appears  at  but  few  places  in  cities  near   the  Atlantic  Coast. 
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Asphaltic  limestone  street  pavements,  like  all  limestone,  become  polished 
and  prove  somewhat  slippery  under  heavy  fog  or  a  light  rain.  They  are 
also  slippery  in  clear,  cold  dry  weather  when  clean.  The  class  of  asphalt 
pavement  known  as  "Trinidad  asphalt  pavement,"  and  others  made  on  this 
system,  are  not  slippery  at  any  time,  except  when  covered  with  a  sheet  of 
ice.  This  is  due  to  the  fact  that  Trinidad  asphalt  pavement  is  composed  of 
about  eighty  per  cent,  of  sand,  making  it  gritty  and  not  susceptible  of  be- 
coming polished.  Paris,  London  and  Berlin  keep  large  supplies  of  sand  at 
several  points  near  the  streets  paved  with  asphaltic  limestone,  for  use  dur- 
ing time  of  fog,  slight  rain,  snow  and  ice.  This  is  not  necessary  and  is  not 
done  upon  streets  paved  with  Trinidad  asphalt  pavements,  nor  with  pave- 
ments composed  of  asphaltic  sandstone  in  California. 

Asphaltic  mastic,  called  often  simply  asphalt  mastic,  is   made  as   follows: 

The  powdered  asphaltic  limestone  is  heated  in  revolving  retorts,  refined 
Trinidad  asphalt  is  added  until  the  mass  contains  about  twenty  per  cent,  of 
bituminous  substances,  including  the  original  asphaltum,  etc.,  in  the 
asphaltic  limestone. 

The  melted  mass  is  constantly  stirred  until  run  into  moulds.  The  mastic 
blocks  or  cakes  thus  formed  are  shipped  all  over  the  world. 

Paris  received  its  first  successful  asphalt  street  pavement  in  1854;  Lon- 
don, 1869;  Buda-Pesth,  1891;  Dresden.  1892;  Hamburg,  1872;  Berlin,  1873; 
Brussels,  Geneva,  Leipzig,  Frankfort  and  others  soon  afterward. 

The  American  cities  were  at  first  deceived,  having  expressed  a  desire  for 
smooth,  quiet  pavements,  and  having  heard  of  the  asphalt  pavements  of 
Europe.  The  spurious  article  which  encumbered  our  streets  previous  to 
1873  was  nothing  more  or  less  than  coal  tar,  sand  and  gravel. 

Because  of  the  difficulty  of  transporting  the  asphaltic  limestone  from 
Europe  to  America,  inventors  were  urged  to  seek  some  suitable  substitute. 
Successful  experiments  made  between  1871  and  1873  in  Newark,  N.  J.,  and 
New  York  City,  with  an  artificial  mixture  of  Trinidad  asphalt,  residuum 
oil,  limestone  dust  and  sand,  gave  rise  to  the  class  of  pavements  now  so  suc- 
cessful, and  called  Trinidad  asphalt  pavements.  In  1876,  this  pavement 
appeared  in  Washington  as  a  pronounced  success. 

In  1878  it  became  the  standard  pavement  of  Washington.  It  has  been 
rapidly  adopted  by  more  than  seventy-one  American  cities.  It  is  being 
laid  at  the  rate  of  140  miles  annually. 


street  Paving.  I2l 

Statistics  January  1st,  1894,  of  Pavements  of  Europe  and  America: — 
The  asphalt  pavements  of  all  kinds  in  the  United  States  and  Canada  on  this 
date  are  as  follows: — 

Kind  of  Pavement.                                                   Sqare  Yards.  Miles. 

Trinidad  Asphalt* 13,900,000  911 

Asphaltic   limestone  151,000  10 

Asphaltic  sandstone  and  other   asphaltic   mate- 

terials,  experimental  and  otherwise 619,000  41 

Totals «. 14,670,000  962 

The  total  asphalt  pavements  of  European  cities  at  the  same  date  were 
as  follows: 

City.  •  Square  Yards.  Miles. 

Berlin. . . . " 1,280,796  83 

Paris 401,617  26 

London 370,000  24 

Other  Cities 271,000  18 

Totals ,.., 2,323,413  151 

In  the  preceding  tables  the  roadway  is  reduced  to  a  common  width  of 
twenty-six  feet  for  comparisons.  The  roadways  themselves  vary  above  and 
below  this  width . 

The  heaviest  travelled  street  in  the  world  is  Eeu  do  Rivoli  in  Paris,  which 
is  paved  with  asphalt. 

From  the  above  you  will  see  that  according  to  Mr.  Howard,  the  Trinidad 
asphalts  supply  more  than  90  per  cent,  of  the  asphaltum  used  in  the  world, 
also  that  the  lake  asphalt  is  more  constant,  reliable  and  better  than  that 
which  came  from  places  outside  of  the  lake  and  was  known  as  the  overflow 
or  land  asphalt. 

I  also  find  that  the  following  gentlemen  are  emphatically  in  favor  of 
Trinidad  lake  asphalt:  A.W.Cook,  Chief  Engineer,  Street  Department, 
Chicago;  City  Engineer  Ludden  of  Detroit,  Mich.,  City  Engineer  Kinnear 
of  Columbus,  Ohio.      In  these  cities  overflow  (California  and  Befmudez) 

♦Subject  to  slight  corrections  from  final  1893  reports. 
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asphalts  have  been  used  but  with  pdor  success.  In  Indianapolis,  the  so- 
called  vulcanite  has  been  used  with  disastrous  results.  Mr.  Clifford  Rich- 
ardson of  the  Engineer's  Department  District  of  Columbia,  and  the  Com- 
missioner of  Public  Works.  City  of  New  York,  by  the  advice  of  Stevenson 
Towle,  consulting  Engineer,  have  reached  similar  conclusions, 

Mr.  Howard  has  probably  visited  every  deposit  in  the  world; 
Mr.  Towle  was  sent  to  Trinidad  and  every  opportunity  has  been 
given  the  engineers  in  Washington  and  New  York  to  examine  and  test 
asphalts  so  as  to  get  the  best.  Considering  all,  it  is  therefore  no  wonder 
that  engineers  in  general,  will  consider  nothing  but  the  Trinidad  Lake 
asphalt  for  paving  purposes;  but  after  studying  Mr.  S.  P.  Peckham's  paper 
on  petroleum  in  its  relation  to  asphaltic  pavement,  read  at  the  World's  Con- 
gress of  Chemists,  Chicago,  August  25th,  1893,  I  am  of  the  opinion  that  the 
desired  perfection  in  asphalt  pavements  has  not  yet  been  obtained,  and 
think  that  the  following  from  Mr.  Peckham's  paper  will  not  fail  to  be  of 
great  interest: 

Now  within  a  few  years  and  since  all  of  this  work  was  completed,  the  lay- 
ing of  asphalt  pavements  has  become  an  industry  involving  the  expenditure 
of  vast  sums  of  money  and  consequently  presenting  technical  problems  of 
vast  importance. 

The  t3chnology  proceeds  about  as  follows:  A  quantity  of  asphaltum  is 
brought  to  New  York  from  Trinidad.  This  asphaltum  consists  of  water, 
twenty-seven  per  cent,;  inorganic  matter,  consisting  of  fine  aluminous  sand, 
twenty-seven  per  cent.,  organic  matter  insoluble  in  carbon  di-sulphide,  eight 
per  cent.;  bitumen,  thirty-eight  per  cent.  This  crude  asphaltum  is  put  into 
large  open  kettles  and  melted,  the  temperature  being  raised  and  maintained 
for  some  time  in  the  neighborhood  of  400°  F.  By  this  treatment,  the  water 
and  lighter  oils  are  expelled,  and  a  portion  of  the  mineral  matter  sinking  out 
of  the  melted  mass  to  the  bottom  of  the  kettle,  a  "refined  pitch"  is  left, 
which  is  drawn  off.  This  "refined  pitch,"  consists  in  round  numbers,  of  56 
per  cent,  of  bitumen,  H6  per  cent  of  mineral  matter  and  8  per  cent,  of  or- 
ganic matter  not  bitumen.  Of  the  56  per  cent,  of  bitumen,  36  per  cent,  is 
soluble  in  petroleum  naphtha,  leaving  20   per  cent,   that  may  be  obtained 
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from  solution  in  carbon  di-sulphide  in  brilliant  black  scales.      Properly  in- 
terpreted the  refined  pitch  consists  of: 

Petrolene,  36  per  cent. 

Asphaltene,  20  per  cent. 

Organic  matter  not  bitumen,  8  per  cent. 

Mineral  matter,  36  per  cent. 

64  per  cent.  86  per  cent. 
Sixty-four  per  cent,  of  mineral  without  cohesion;  that  is,  dry  solids  for  the 
most  part,  are  held  together  by  36  per  cent,  of  a  viscous  adhesive  tar.  The 
20  per  cent,  of  the  asphaltene  dissolves  in  the  petrolene,  the  remaining  44 
per  cent,  being  simply  mineral  and  organic  matter  held  together  by  the 
combined  bitumen  a. 

The  next  step  in  the  process  is  the  addition  to  the  refined  pitch  of  about 
150  per  cent,  of  its  weight  of  some  heavy  petroleum  residuum,  which  ren- 
ders the  bitumen  softer,  and  at  the  same  time,  may  or  may  not  dissolve  both 
petrolene  and  asphaltene.  The  mixture  is  made  .  complete  by  blowing  air 
through  the  melted  mass  for  hours  or  even  days.  Sand  is  then  added  to 
the  bituminous  cement  until  the  bitumen  is  only  equal  to  ten  per  cent,  of  the 
mass.  To  incorporate  the  sand  with  the  viscous  mass,  both  are  heated  very 
hot  and  the  sand  and  bitumen  thoroughly  mixed,  when  the  mastic  thus  pro- 
duced is  put  in  its  place  and  rolled. 

Very  great  diversity  is  observed  in  the  durability  of  the  mastic  thus  pre 
pared  and  laid,  and  to  account  for  these  diversities  Mr. Clifford  Richardson* 
would  have  us  believe  that  it  depends  on  the  excavation  on  the  Island  of 
Trinidad  from  which  the  crude  asphalt  was  taken.  So  too  the  Hon.  Com- 
missioner of  Public  Works  of  the  City  of  New  York,  by  the  advice  of  Steph- 
enson Towlef,  Consulting  Engineer,  has  reached  a  similar  conclusion.  Speak- 
ing of  the  eighth  avenue  pavement,  a  part  of  which  "showed  indications  of 
disintergration"  before  it  was  accepted  Mr.  Towle  says,  "the  asphalt  used  in 
this  work  was  submitted  by  the  contractor  and  analyzed  and  approved  by 
chemical  experts;"  and  yet,  further  on  in  this  same  report,  it   is  slated  that 


♦Report  of  the  operations  of  the  EngineeriDg  Dep&rtment   of  the   District  of  Columbia  for  the  fiscal  vear 
ending  June  30th.  1892,  pp.  96-123. 

+Report  of  the  Department  of  Public  Works  of  the  City  of  New  York  on  Street  Pavements  with  special  ref- 
erence to  Asphalt  Pavemente.    Thomas  F.  Gllroy,  Commissioner,  1892.    pp.  9  and  11  et  seq. 
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the  asphalt  was  condemned  because  it  was  taken  from  one  excavation  on 
the  island  rather  than  another. 

It  is  a  very  significant  fact  that  an  asphalt  pavement  should  show  signs  of 
disintergration  within  a  few  weeks  of  the  time  of  its  having  been  laid.  Es- 
pecially is  this  the  case  when  it  is  considered  that  some  of  the  most  endur- 
ing constructions  of  antiquity,  which  have  withstood  the  ravages  of  time  for 
at  least  3000  years,  are  constructions  of  asphalt.  Modern  constructions  of 
asphalt  in  Europe  are  said  to  remain  intact  for  more  than  twenty  years. 
The  asphalt  pavement  laid  on  Franklin  avenue  in  the  City  of  Buffalo,  has 
stood,  with  almost  no  expense  for  repairs,  for  fifteen  years,  and  I  do  not 
believe  any  one  now  knows  from  what  exact  spot  the  asphalt  came.  It  is  a 
very  well  known  fact  however,  that  the  material  used  to  soften  the  asphalt 
was  one  that  would  dissolve  both  constituents  of  the  bitumen,  and  form  a 
chemical  union  or  solution  rather  than  a  mechanical  mixture  with  them. 
No  one  knows  how  old  the  asphaltic  sandstones  are  that  contain  ten  per 
cent,  of  bitumen,  but  they  do  not  disintegrate;  they  are  solid,  impervious 
and  tough. 

If  sand  could  be  cemented  together  with  carbon,  it  would  only  be  neces- 
sary to  grind  up  anthracite  slack  and  mix  it  with  sand  in  order  to  produce 
a  paving  material.  It  is  evident  that  the  hydrogen  combined  with  the  car- 
bon, gives  its  adhesive  properties,  and  this  within  certain  limits,  for  the  mo- 
ment a  sufficient  amount  of  hydrogen  is  removed  to  convert  the  petrolene 
into  asphaltene,  or  whenever  the  softening  material  is  a  petroleum  or  resid- 
uum that  will  not  dissolve  asphaltene,  the  elements  of  disintegration  are 
present. 

The  observation  made  by  Boussingault,  more  than  half  a  century  ago,  and 
quoted  above,  that  prolonged  heating  at  high  temperature  converts  petro- 
lene into  asphaltene,  which  has  no  more  adhesive  properties  than  anthra- 
cite slack,  appears  to  have  been  overlooked  by  Messrs.  Richardson  and 
Towle,  for  they  do  not  appear  to  regard  the  manner  of  refining  and  blowing 
the  asphaltic  cement  as  of  any  importance. 

Neither  for  the  same  reason  do  they  appear  to  appreciate  the  bearing  of 
my  own  researches  or  those  of  Messrs.  Cabot  and  Jenny  upon  this  ques- 
tion, although  they  have  been  on  record  now  more  than  twenty  years.  While 
it  has  been  well  known  for  years  that  bitumen  occurs  in  great  variety,  the 
selection  of  a  proper  material  for  softening  the  asphalt  to  the   exclusion   of 
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others  less  desirable  or  wholly  unfit,  appears  also  to  have  escaped  attention. 
A  properly  selected  material  for  such  a  purpose  would  by  entering  into  so- 
lution and  chemical  union  with  both  the  constituent  parts  of  the  bitumen 
of  the  asphalt,  thereby  increase  its  adhesive  and  binding  properties  upon 
the  other  constituents  of  the  mastic.  Added  to  all  these  omitted  elements 
of  the  problem  just  enumerated,  we  have  another  of  great  importance, 
and  that  is  the  total  proportion  of  bitumen  to  the  total  proportion  of  sand 
and  other  non -bituminous  ingredients  of  the  mastic. 

Experience  proves  that  less  than  ten  or  eleven  per  cent,  to  ninety 
or  eighty-nine  per  cent,  gives  too  little  stability  to  the  mass,  while  a 
larger  percentage  of  bitumen  makes  the  pavement  too  soft. 

One  more  element  of  good  aspbaltic  pavement  is  mechanical  rather  than 
chemical,  and  that  is  solidity.  The  pavement  must  be  rolled  as  solid  as 
asphaltic  rock  in  order  to  keep  out  rain  water  and  the  action  of  the  oxygen 
dissolved  in  it;  for  the  effect  of  oxidation  is  to  gradually  convert  the  petro- 
lene  of  the  asphalt  into  aspbalteue,  leaving  the  small  amount  of  softening 
material  as  the  only  binding  constituent  of  the  mixture.  When  this  soften- 
ing material  is  not  a  solvent  for  asphaltene,  the  pavement  inevitably  disin- 
tegrates. 

I  would  therefore  commend  to  the  consideration  of  those  who  act  as  ad- 
visers to  Commissioners  of  Public  Works,  not  a  less  careful  examination  of 
the  asphalt  used  from  whatever  source  it  may  be  obtained;  but  in  addition 
an  equally  careful  exercise  of  judgment  regarding  the  softening  material 
used,  the  chemical  effects  of  refining  and  blowing,  with  careless  manage- 
ment of  either,  and  the  composition  and  mechanical  structure  of  the  surface 
pavement. 

It  is  far  from  complimentary  to  this  age  of  scientific  achievement  that 
the  ancient  world  should  have  furnished  constructions  of  asphalt  that  have 
survived  to  the  present  centuries  after  their  builders  are  forgotten,  while 
with  all  our  superfluities,  of  refining  and  blowing,  with  penetrating  ma- 
chines and  chemical  analyses,  of  which  they  knew  nothing,  we  are  only  able 
to  prepare  constructions  that  endure  but  a  few  months  or  even  years,  at 
longest. 

I  am  aware  that  this  paper  is  inconclusive,  but  from  the  nature  and  present 
status  of  the  problem  it  must  be  so.  I  think,  however,  it  is,  as  it  was  in- 
tended to  be,  suggestive. 


126  F.  W.  Cappelen. 

Mr.  Peckhams  suggestions  are  really  being  carried  out,  then  the  various 
asphalt  paving  companies  have  their  laboratories  and  are  continually  experi- 
menting and  it  would  seem  rational  that  it'  U.  S.  asphalts  could  be  safely 
used,  it  would  take  the  place  of  the  Trinidad,  particularly  when  a  royalty  of 
$2.00  per  ton  is  charged  at  the  lake. 

The  California  Petroleum  and  Asphalt  Company,  of  San  Fran?isco,  has 
informed  me  that  it  wishes  to  get  an  opportunity  to  bid  on  any  asphalt  pav- 
ing that  we  might  have  here. 

They  claim  that  in  the  preparation  of  their  socalled  Alcatraz  asphalt,  no 
residuum  oil  is  used.  This  Company  fluxes  and  prepares  its  products  with 
Alcatraz  liquid  asphalt,  a  pure  liquid  bitumin  produced  at  its  purification 
works.  This  liquid  asphalt  is  not  produced  by  distilation,  but  by  simple 
extraction  by  mechanical  means  from  the  clean  sea  sand  which  it  saturates 
as  it  oozes  from  the  immense  beds  of  shale  which  are  its  source.  It  is  semi- 
liquid  and  analizes  over  ninety-eight  per  cent,  bitumen  (so  the  company 
claims). 

This  liquid  asphaltum  takes  the  place  of  the  residuum  oil  in  the  prepara- 
tion of  the  asphaltic  cements  of  the  Trinidad  class.  The  company  above  re- 
ferred to,  claims  that  this  asphalt  has  been  used  with  great  success  in  South 
Omaha,  Neb. 

From  personal  observation,  I  fail  however,  to  agree  with  the  view  of  the 
company  and  think  that  the  South  Omaha  asphalt  pavement  is  very  poor  in- 
deed, and  I  certainly  will  favor  nothing  but  the  lake  asphalt  until  convinced 
that  the  manipulation  of  other  asphalts  will  give  as  good  results  as  those 
obtained  from  the  lake  deposits. 

The  following  table  will  illustrate  the  relative  cost  of  the  various  kinds  of 
pavement  for  a  term  of  say  twenty  years,  total  interest  at  five  per  cent,  in- 
cluded, upon  a  street  with  a  trafiic  like  Nicellet  Avenue,  the  tonnage  of 
which  is  about  150. 
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Class  of  Paving.                    Cost 

Cost  of 

Y'ars 

Actual 

Value  of   Pave-j  Net 

per 

Renew- 

wore. 

cost  per 

ment  at  the  end 

cost 

sq.  yd. 

al. 

year. 

of  20  yrs.     per 
6q.  yd. 

per 
sq  yd 
pryr. 

, 

Codar,2  in.  plank  founda- 

tion without  tar $0.85 

$0.79 

6 

$0  29 

§  of  79=$  .53 

$0.26 

Cedar  concrete  foundation 

with  tar 1.45 

.74 

8 

.30 

1  of  .74=    .37 

.25 

concr  'te.67  1.04 

Granite 1.88 

1.88 

20 

.25 

0.60 

22 

♦Trinidad  Lake  Asphalt.     2,75 

.42 

2.00 

.32 

Small  size  Minnesota  br"k.    1,80 

L13 

10 

.33 

.80 

.29 

Large    '•            "          "     .    1.90 

1.23 

10 

.35 

.80 

.31 

tGalesburg  Brick 2. 15 

1.48 

10 

m 

.80 

.36 

tOhio  Brick 2.70 

2.03 

10 

.52 

.80 

.48 

The  average  cost  for  repairs  for  the  last  ten  years  for  cedar,  has  been  about   1-10  cents 
per  yard  per  year. 
♦Kept  in  repair  for  ten  years,  after  which  add  eight  cents  per  yard  per  year. 
tAll  rail  rate  for  freight. 

From  the  above  table  it  will  be  seen  that  as  far  as  net  cost  goes  various 
kinds  of  pavements  range  as  follows: 

First,  granite;  second,  cedar;  third,  brick;  (with  exception  of  the  Ohio  or 
Galesburg)  fourth,  asphalt. 

As  far  as  regards  least  resistance  to    traction    the   order    would  be,  when 
the  pavements  are  new  and  also  old: 
First,  asphalt;  second,  brick;  third,  cedar;  fourth,  granite. 

With  reference  to  sanitation,  asphalt  would  lead,  with  brick  or  granite 
next  and  cedar  last.  The  same  order  will  also  prevail  with  reference  to 
beauty.  With  reference  to  least  noise;  cedar  is  first,  asphalt  is  second, 
brick  is  third,  and  granite  is  fourth. 

When  the  pavements  are  all  new,  the  most  pleasant  to  drive  over  is  evi- 
dently; first,  cedar;  second,  asphalt;  third,  brick:  fourth,  granite;  but  after, 
say  five  years,  asphalt  would  lead,  with  brick  second,  cedar  third,  and 
granite  last. 

The  trouble  with  cedar  is,  that  after  four  or  five  years  of  age,  the  blocks 
are  rounded  oflf  and  become  rough  and  uneven,  owing  to  the  sap  wearing  off 
on  the  edges  of  the  blocks. 
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Easiest  on  vehicles  is  asphalt  first;  cedar  second,  brick  third;  granite, 
fourth. 

Easiest  on  horses — First,  cedar;  second,  brick,  third,  asphalt;  fourth, 
granite. 

I  believe  statistics  show  that  horses  will  slip  more  on  granite  than  as- 
phalt. Another  matter  of  importance  to  be  considered  is  the  method  re- 
quired in  renewing  the  pavements.  Asphalt  has  a  constant  attention  and 
is  actually  renewed  during  the  course  of  years,  without  interfejing  with  the 
traffic  to  any  noticeable  extent;  whereas  when  the  proper  time  comes  for 
renewing  the  other  pavements  the  entire  streets  will  have  to  be  closed  for 
at  least  a  block  at  a  time.  This  is  a  great  detriment  to  business,  particu- 
larly on  such  streets  as  Nicollet  avenue. 

In  Berlin,  for  instance,  it  is  against  the  law  to  close  a  street  for  repairs 
on  account  of  interference  with  business. 

With  reference  to  cleanliness,  asphalt  would  lead,  with  brick,  granite  and 
cedar  in  succession.  It  will  therefore  be  seen,  that  quite  a  number  of 
points,  besides  the  cost,  are  to  be  considered  in  ordering  new  pavements, 
and  that  as  the  property  owners  on  the  respective  streets  carry  most  of  the 
burden,  they  should  be  given  ample  time  and  opportunity  to  consider  the 
matter.  But  the  city  authorities  should  see  that  only  the  best  of  the  vari- 
ous kinds  of  pavement  is  put  down,  and  that  all  sewer  and  water  mains  with 
their  respective  connections  and  all  other  piping  and  conduits,  are  laid  be- 
fore any  paving  is  done  at  all. 

GBAVEL  AND  MCADAM  KOADS. 

For  suburban  and  residence  streets  a  good  gravel  road  will  answer  all  pur- 
poses until  such  time  as  traffic  would  increase  enough  to  warrant  paving  to 
be  put  down . 

To  construct  a  good  gravel  road,  it  is  absolutely  necessary  to  provide  for 
drainage  of  the  foundation  itself  as  well  as  of  the  finished  roadway  and  upon 
the  condition  of  the  soil  will  depend  the  thickness  required  of  the  gravel 
covering,  on  good  dry  loam  six  inches  of  gravel  will  do,  on  sandy  soil,  ten  to 
twelve  inches  might  be  required. 

If  possible,  the  soil  proper  should  be  first  rolled  and  then  covered  in  lay- 
ers with  gravel,  which  should  be  wetted  and  rolled.  A  gravel  road  will  re- 
quire constant  attention.  Some  good  work  in  this  direction  has  been  made 
in  Minneapolis  in  the  Eighth  ward  where  plenty  of  gravel  can  be  had. 
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McAdam  Roads The  usual  method   of  constructing  a  good  McAdam 

road,  is  in  preparing  the  sub-foundation  properly  with,  if  nessessary? 
proper  drainage  pipes.  A  layer  of  from  six  (6)  to  twelve  (12)  inches  good 
sized  stones  are  placed  on  the  sub-roadway  by  hand  and  leveled  up  with 
smaller  stones.  Upon  this  foundation,  a  covering  of  at  least  four  (4)  inches 
of  broken  or  crushed  stone  is  placed  and  rolled  several  times  and  leveled  up 
with  screenings  from  the  stone  crushers  and  sprinkled  and  rolled.  The 
screenings  are  used  for  a  binder  between  the  crushed  rock  and  gives  the 
roadway  a  smooth  appearance. 

Great  care  should  be  taken  in  getting  the  proper  binding  material. 
Screenings  from  crushed  limestone  is  good.  In  Chicago,  gravel  from  Joliet  is 
used.  This  gravel  contains  certain  clay  that  has  cementing  qualities.  I  do  not 
think  that  the  native  limestone  is  the  proper  material  for  McAdam.  The 
trap  rock  near  Duluth  is  used  in  the  city -extensively .  McAdam  roads  must 
be  constantly  watched  and  repaired. 

The   Board   of   Public  works  of  the  city  of  Detroit,  has  most  emphatically 

decided  not  to  put  down  any  more  McAdam  in  that  City  and  Superintendent 

,  Carter  of  the  Boston  Street  Department  says,  with  reference  to  the  three 

t  hundred  (300)  miles  of  McAdam  out  of  four  hundred  and  fifty  (450)  miles 

of  paved  street  in  that  city:     "It  is  not   to  be  wondered  at  that  the  expense 

of  maintaining  our  streets,  calls  for  a  much   larger  outlay   of  money  every 

year    than    in    cities    provided    with   more   permanent  forms   of    paving. 

Considering  the  cost   and   temporary    results    obtained   by  repairing   our 

f  McAdam  roads  with  a  veneer  of  crushed  stone,  it  would  seem  to  be  in  the 

direct  line  of  economy  to  adopt  a  more  permanent  form  of  roadway  surface.' 

A  good  McAdam   road  will  cost  about  from  seventy-five  cents  (75)  to  one 

dollar($1.00)  per  square  yard. 

It  may  be  of  interest  to  know  that  the  first  Cedar  pavement  laid  in  Min- 
neapolis was  in  the  year  1882.  on  Washington  Ave.  S.  between  2nd  and 
3rd  Av's.,  and  that  it  is  still  in  place.  The  first  granite  paving  was  also  laid 
in  the  same  year.     To  day  we  have  about — 

71.6  miles  of  Cedar  Paving 
9.5     "       "   Granite     " 
2.77  "       "   Asphalt. 
Before  finishing  I   want  to  make  a  few  remarks  about  street  cleaning. 
Street  cleaning  can  properly  be  divided  into  two  categories,  viz: — 


130  F.    W.  Cappelen. 

Machine   sweeping   and   hand  sweeping. 

Machine  sweeping  is  generally  done  at  night  by  revolving  sweepers,  drawn 
by  horses,  which  carry  the  sweepings  into  the  gutter  where  they  are  gath- 
ered up  by  men  and  put  into  carts  and  hauled  off.  In  dry  weather,  a  sprink- 
ling cart  should  sprinkle  the  streets  ahead  of  the  sweeper  just  enough  to 
lay  the  dust.  Very  often  this  is  not  done  and  blocks  after  blocks  are  simply 
deluged  with  dust  raised  by  the  sweepers. 

This  method  (machine  sweeping)  is  generally  used  on  cedar,  granite? 
brick  and  in  some  places  on  asphalt  pavements.  A  good  two  horae  sweeper  will 
cost  about  four  hundred  dollars  ($400.00).  As  of  course,  an  asphalt  paved 
street  presents  the  smoothest  surface,  wind  will  raise  the  accumulated  dust  very 
easily,  and  for  instance,  on  Park  Avenue  in  this  city,  complaints  are  frequent 
with  reference  to  the  dust  from  the  street.  To  properly  clean  an  asphalt 
pavement,  the  second  method  viz: — 

Hand  sweeping  should  be  applied  continuously.     The  streets  to  be  cleaned 
should  be  divided  into  districts,  in  charge  of  a  proper  lively  man  to  attend  to 
it  at  all  times. 
The  necessary  tools  are:-- 

1st — One  street  scraper,  which  consists  of  a  steel  blade  of  No.  16  thick- 
ness, about  6  inches  wide  by  4  feet  6  inches  long  fastened  in  the  middle  to  a 
5  foot  shaft  If  inches  round;  cost  $3.00. 

2nd — Two  brooms  with  handles  cost;  75  cents. 
3rd — One  scoop  shovel  "  85  cents. 

4th— One  hand  barrow  "  $2.00. 

During  the  day,  the  fresh  droppings  should  be  at  once  gathered  in  by  the 
scrapers,  or  broom  and  shovel,  and  at  least  once  in  two  days  the  entire  street 
should  be  swept  with  the  broom.  In  wet  weather  the  entire  work  is  done 
with  scrapers.  In  dry  weather  sprinkling  should  be  done,  but  only  in  such 
quantities  as  to  lay  the  dust  and  this  can  best  be  done  by  having  suitable 
connections  with  the  City  Water  every  200  or  250  feet.  The  attendant  can 
then  with  a  hose  give  the  street  the  proper  wetting.  Sprinkling  carts  gen- 
erally flood  the  pavements  making  the  crossings  both  wet  and  muddy. 

There  are  sweeping  machines  made  on  the  same  principal  as  a  carpet 
sweeper  to  prevent  dust,  but  I  am  in  doubt  as  to  their  success.  Receptacles 
should  be  provided  for  either  in  alleys  or  at  other  places  on  the  street-line 
where  the  sweepings  can  be  deposited  until  hauled  off  by  the  teams. 
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In  Minneapolis,  the  cost  of  cleaning  our  paved  streets,  outside  of  the  as- 
phalt pavement,  varies  from  2.2  to  3.2  cents  per  square  yard,  and  in  addition  to 
this  about  3  cents  per  yard  for  sprinkling. 

The  cleaning  of  our  asphalt  paved  street,  Park  Avenue,  is  in  the  hands 
of  a  so-called  improvement  association.  Each  foot  frontage  on  the  street  is 
assessed  10  cents,  this  money  is  turned  over  to  the  association,  which  is  sup- 
posed to  clean  the  same.  The  cost  is  about  2.7  cents  per  square  yard,  but 
would  cost,  say  at  least,  5  cents  if  properly  done  and  would  include  sprink- 
ling when  necessary. 

F.  W.  Cappelen,  City  Engineer, 

Minneapolis. 

[\  lecture  delivered  before  the  Society  of  Engineers  of  the   University  of  Minnesota, 
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